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1. Introduction
The definition of anemia is controversial. The WHO defines anemia as hemoglobin (Hb)<13
g/dL for men and <12 g/dL for women [1]. The National Kidney Foundation's Kidney Dis‐
ease Outcomes Quality Initiative, which is the criteria used for Medicare reimbursement, de‐
fines anemia in adult men and postmenopausal women as Hb<12 g/dL, or <11 g/dL in a
premenopausal woman [2]. Anemia represents a significant problem to deal with in patients
with chronic kidney disease (CKD) on hemodialysis (HD). Renal anemia is typically an iso‐
lated normochromic, normocytic anemia with no leukopenia or thrombocytopenia [3]. This
is a frequent complication and contributes considerably to reduced quality of life (QoL) [4-6]
of patients with CKD. It has also been associated with a number of adverse clinical out‐
comes, increased morbidity and mortality [5, 7-13]. In general, there is a progressive increase
in the incidence and severity of anemia with declining renal function. The reported preva‐
lence of anemia by CKD stage varies significantly and depends, to a large extent, on the def‐
inition of anemia and whether study participants selected from the general population, are
at a high risk for CKD. Data from the National Health and Nutrition Examination Survey
(NHANES) showed that the distribution of Hb levels starts to fall at an estimated glomeru‐
lar filtration rate (eGFR) of less than 75 ml/min per 1.73 m2 in men and 45 ml/min per 1.73
m2 in women [14]. Among patients under regular care and known to have CKD, the preva‐
lence of anemia was found to be much greater, with mean Hb levels of 12.8 ± 1.5 g/dl (CKD
stages 1 and 2), 12.4 ± 1.6 g/dl (CKD stage 3), 12.0 ± 1.6 g/dl (CKD stage4), and 10.9 ± 1.6 g/dl
(CKD stage 5) [15]. Although renal anemia is independent of the etiology of kidney disease,
there are two important exceptions. Renal anemia in diabetic patients develops more fre‐
quently, at earlier stages of CKD, and more severely at a given level of renal impairment
[16-18]. In patients with polycystic kidney disease, Hb is higher than in other patients with
similar degrees of renal failure, and polycythemia may occasionally develop [19]. Many pa‐
tients not yet on dialysis still receive no specific treatment for their anemia. In contrast, in
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patients on dialysis,, average Hb values have steadily increased during the past 15 years,
following the advent of erythropoietin (EPO) and the development of clinical practice guide‐
lines for anemia management [16, 17]. Anemia contributes to significant healthcare costs as‐
sociated with CKD [20]. The average Hb value, however, varies considerably between
countries, reflecting variability in practice patterns [21]. Before the availability of recombi‐
nant human erythropoietin (rhuEPO, or epoetin), patients on dialysis frequently required
blood transfusions, exposing them to the risks of iron overload, transmission of viral hepati‐
tis, and sensitization, which reduced the chances of successful transplantation. Anemia in
CKD patients except from the lack of EPO [22, 23], is a multifactor process. Shorter lifespan
of red blood cells, iron and vitamin deficiency due to dietary restrictions, and rarely bleed‐
ing that accompanies uremia seem to be other important factors [24, 25]. Adequate dialysis
can contribute to anemia correction through many mechanisms, including the removal of
molecules that may inhibit erythropoiesis using high-flux dialyzers [26-30]. It also seems
that residual renal function is important in dialysis patients and its decline also contributes
significantly to anemia, inflammation, and malnutrition in patients on dialysis [31, 32]. It is
also affected by the underlying disease, co morbid conditions, malignancy, infection, heart
failure, as mentioned above, the environment and several other factors (therapeutic treat‐
ment with angiotensin-converting enzyme(ACE) inhibitors, [33-37] increased PTH, [38-43]
osteodystrophy [44, 45]) that differ among patients. Thus, anemia management in these pa‐
tients needs an individualized approach. Each patient should be treated according to an Hb
target with the lowest effective Erythropoiesis Stimulating Agents (ESA) dose, while avoid‐
ing large fluctuations in Hb levels or prolonged periods outside the target. This strategy
may necessitate changes to the ESA dose, dosing frequency and iron supplementation over
the course of a patient's treatment, and proactive management of conditions that can affect
ESA responsiveness. While all ESAs effectively increase Hb levels, differences with respect
to route of administration, pharmacokinetics, and dosing frequency and efficiency should be
considered to maximize the benefits of ESA treatment for the individual patient [46]. Substi‐
tution of the subcutaneous route of administration for the intravenous route for epoetin-alfa
can reduce drug acquisition and costs, the two largest components of healthcare costs in
CKD patients [20]. Hence, treating anemia in CKD patients on HD seems to be very complex
and has to be managed step by step correcting all the factors that affect this process.
2. Diagnostic approach of anemia in hemodialysis patients
The diagnosis of anemia and the assessment of its severity are best made by measuring
the Hb concentration rather than the hematocrit. Hb is a stable analyte measured directly
in  a  standardized  fashion,  whereas  the  hematocrit  is  relatively  unstable,  indirectly  de‐
rived by  automatic  analyzers,  and lacking  of  standardization.  Within-run and between-
run coefficients of variation in automated analyzer measurements of Hb are one half and
one third those for hematocrit, respectively [16]. There is considerable variability in the Hb
threshold used to define anemia in CKD patients. According to the definition in the Kid‐
ney  Disease  Outcomes  Quality  Initiative  (KDOQI)  guidelines,  anemia  should  be  diag‐
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nosed at Hb concentrations of less than 13.5 g/dl in adult men and less than 12.0 g/dl in
adult  women [16].These  values  represent  the  mean  Hb concentration  of  the  lowest  5th
percentile of the sex-specific general adult population. In children, age-dependent differen‐
ces in the normal values have to be taken into account. Normal Hb values are increased
in high-altitude residents [16]. The end of the short interdialytic period is the most appro‐
priate timing for anemia assessment [47]. Although renal anemia is typically normochro‐
mic and normocytic, [48, 49] deficiency of vitamin B12 or folic acid may lead to macrocytosis,
whereas iron deficiency or inherited disorders of Hb formation (such as thalassemia) may
produce microcytosis. Macrocytosis with leucopenia or thrombocytopenia suggests a gen‐
eralized disorder of  hematopoiesis  caused by toxins,  nutritional  deficit,  or  myelodyspla‐
sia. Hypochromia probably reflects iron-deficient erythropoiesis. An absolute reticulocyte
count, which normally ranges between 40,000 and 50,000 cells/μl of blood, is a useful mark‐
er of  erythropoietic  activity.  Iron status tests should be performed to assess the level  of
iron in tissue stores or the adequacy of  iron supply for erythropoiesis.  Although serum
ferritin is so far the only available marker of storage iron, several tests reflect the adequa‐
cy of iron for erythropoiesis, including transferrin saturation, MCV, and MCHC; the per‐
centage of  hypochromic red blood cells  (PHRC);  and the content  of  Hb in reticulocytes
(CHr) [50].  Storage time of  the blood sample may elevate PHRC, MCV and MCHC are
below the normal range only after long-standing iron deficiency. It is important to identi‐
fy anemia in CKD patients because it may signify nutritional deficits, systemic illness, or
other conditions that  warrant  attention,  and even at  modest  degrees,  anemia reflects  an
independent risk factor for hospitalization, cardiovascular disease, and mortality [16, 51].
Drug therapy such as  ACE inhibitors  may reduce Hb levels  by:  firstly,  direct  effects  of
angiotensin II on erythroid progenitor cells, [52] secondly, accumulation of N-acetyl-seryl-
lysyl-proline (Ac-SDKP), an endogenous inhibitor of erythropoiesis, [53] and thirdly, reduc‐
tion  of  endogenous  EPO  production,  potentially  due  to  the  hemodynamic  effects  of
angiotensin II  inhibition [54].  Myelosuppressive effects of immunosuppressants may fur‐
ther contribute to anemia [55].The measurement of serum EPO concentrations is usually
not helpful in the diagnosis of renal anemia because there is relative rather than absolute
deficiency,  with  a  wide  range of  EPO concentrations  for  a  given Hb concentration that
extends far beyond the normal range of EPO levels on healthy, non-anemic individuals.
Abnormalities of other laboratory parameters should be investigated, such as a low MCV
or  MCHC (may indicate  an  underlying  hemoglobinopathy),  a  high  MCV (may indicate
vitamin  B12  or  folic  acid  deficiency),  or  an  abnormal  leukocyte  or  platelet  count  (may
suggest a primary bone marrow problem, such as myeloma or myelodysplastic syndrome).
3. Clinical manifestations
Due to the fact that anemia reduces tissue oxygenation, it is associated with widespread or‐
gan dysfunction and hence an extremely varied clinical picture. In mild anemia there may
be no symptoms or simply increased fatigue and a slight pallor. As anemia becomes more
marked the symptoms and signs gradually appear. Pallor is best discerned in the mucous
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membranes; the nailbeds and palmar creases, although often said to be useful sites for de‐
tecting anemia, are relatively insensitive for this purpose. Cardiorespiratory symptoms and
signs include dyspnea, tachycardia, palpitations, angina or claudication, night cramps, in‐
creased arterial pulsation, capillary pulsation, a variety of cardiac bruits, reversible cardiac
enlargement. Neuromuscular involvement is reflected by headache, vertigo, light-headed‐
ness, faintness, tinnitus, roaring in the ears, cramps, increased cold sensitivity. Acute anemia
may occasionally give rise to papilledema. Gastrointestinal symptoms include loss of appe‐
tite, nausea, constipation, and diarrhea. Genitourinary involvement causes menstrual irreg‐
ularities, urinary frequency, and loss of libido. There may also be a low-grade fever. In the
elderly, to whom associated degenerative arterial disease is common, anemia may be mani‐
fested with the onset of cardiac failure. Alternatively, previously undiagnosed coronary nar‐
rowing may be unmasked by the onset of angina [56].
In the early clinical trials of EPO performed in the late 1980s, the mean baseline Hb concen‐
tration was about 6 to 7 g/dl, and this progressively increased to about 11 or 12g/dl after
treatment. Patients subjectively felt much better, with reduced fatigue, increased energy lev‐
els, and enhanced physical capacity, and there were also objective improvements in cardior‐
espiratory function [57]. Thus, it is now clear that many of the symptoms previously
attributed to the “uremic syndrome” are indeed due to the anemia associated with CKD. Al‐
though the avoidance of blood transfusions and improvement in quality of life are obvious
early changes, there are also possible effects on the cardiovascular system. The physiologic
consequences of long-standing anemia are an increase in cardiac output and a reduction in
peripheral vascular resistance. Anemia is a risk factor for the development of left ventricular
hypertrophy in CKD patients and exacerbate left ventricular dilation. Sustained correction
of anemia in CKD patients results in a reversal of most of these cardiovascular abnormali‐
ties, with the notable exception of left ventricular dilation. Once the left ventricle is stretched
beyond the limits of its elasticity, correction of anemia cannot reverse this [58]. It may, how‐
ever, prevent the development of LV dilation, and this leads to improved quality of life [59].
Anemia correction may improve QoL, [60, 61] cognitive function, sleep patterns, nutrition,
sexual function, menstrual regularity, immune responsiveness, and platelet function [62-66].
4. Therapeutic approach
As mentioned above, renal anemia is a multifactor process and its treatment has to focus on
a step by step correction of all factors which are involved in this process [67]. First of all, iron
deficiency has to be treated before adding more expensive therapies such as EPO therapy.
4.1. Iron deficiency
Iron is an essential ingredient for heme synthesis, and adequate amounts of this mineral are
required for the manufacture of new red cells. Thus, under enhanced erythropoietic stimula‐
tion, greater amounts of iron are used, and many CKD patients have inadequate amounts of
available iron to satisfy the increased demands of the bone marrow [68]. Patients with CKD,
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on HD treatments, may lose up to 3gr of iron each year because of frequent blood losses, so
they are at particularly high risk of iron store depletion with subsequent iron deficiency ane‐
mia [17]. Even before the introduction of ESA therapy, many CKD patients were in negative
iron balance as a result of poor dietary intake, poor appetite, and increased iron losses due
to occult and overt blood losses. Losses on HD patients are up to 5 or 6 mg a day, compared
with 1 mg on healthy individuals, and this may exceed the absorption capacity of the gastro‐
intestinal tract, particularly when there is any underlying inflammation. Iron deficiency can
be defined as absolute or functional [17, 68, 69]. Absolute iron deficiency develops as the
body's iron stores become depleted to such a low level that not enough iron is available for
the production of Hb [70, 71]. This is usually indicated by a decline in serum ferritin levels
to ~<15 μg/l in patients with normal kidney function, [70, 71] or <12 ng/mL [72] according to
other studies and TSAT levels below 16% [73]. Absolute iron deficiency in CKD patients has
been defined as serum ferritin levels <100 ng/mL and TSAT levels <20%. The functional iron
deficiency describes the state when iron cannot be mobilized from stores (despite an ade‐
quate dietary supply) to meet the demand for erythropoiesis [70]. Serum ferritin levels can
appear normal (200–500 μg/l) or increased in chronic inflammatory disorders, [70] while lev‐
els of transferrin saturation (TSAT), which is serum iron divided by total iron-binding ca‐
pacity, [68] will be low (typically <20%), indicating limited transport of iron to the erythron
for erythropoiesis [70, 74, 75] and increased hypochromic red cells (>10%). The distinction
between absolute and functional iron deficiency is crucial to understanding what constitutes
adequate TSAT and serum ferritin levels on Epoetin-treated patients. The iron deficit limits
the effectiveness of EPO therapy, and, to optimize the treatment, patients must receive an
oral or intravenous (IV) iron supplement [76-78]. Thus, higher doses of ESAs may worsen
iron depletion and lead to an increased platelet count (thrombocytosis), ESA hyporespon‐
siveness, and hemoglobin variability. Hence, ESA therapy requires concurrent iron supple‐
mentation [17, 79]. On the other hand, serum ferritin <200 ng/mL suggests iron deficiency in
CKD patients, ferritin levels between 200 and 1,200 ng/mL may be related to inflammation,
latent infections, malignancies, or liver disease. In part, this is due to the fact that, in addi‐
tion to reflecting body iron stores, serum ferritin is also an acute phase reactant. As such, it
can increase in the setting of either acute or chronic inflammation. Available data demon‐
strate that the lower the TSAT and the serum ferritin, the higher the likelihood that a patient
is iron deficient, and the higher the TSAT and the serum ferritin, the lower the likelihood
that a patient is iron deficient [77, 80]. A serum ferritin concentration of 100-500 ng/mL is the
target during oral and intravenous (i.v.) iron therapy for pre-dialysis and peritoneal dialysis
patients, but use of the i.v. route of administration and a target serum ferritin concentration
of 200-500 ng/mL is recommended for HD patients by NKF [81]. Due to the fact that paren‐
teral iron administration has potential risks that are immediate (eg, toxic effects and anaphy‐
lactic reactions) and long-term (e.g., decreased polymorphonuclear leukocyte function,
increased risk of infections, organ damage), it is essential to select patients who need iron
supplementation. Although oral iron administration is the primary treatment for iron defi‐
ciency, it has also disadvantages, such as poor iron absorption and adverse gastrointestinal
reactions, which often lead to poor compliance. Oral iron is ineffective in many CKD pa‐
tients, and parenteral iron administration is required, particularly on those receiving hemo‐
Management of Anemia on Hemodialysis
http://dx.doi.org/10.5772/ 52399
319
dialysis [68]. Nevertheless, even with these limitations of oral iron absorption, the cheap
costs of using this route, along with convenience for the patient, often persuade physicians
to try oral iron supplementation first on non-dialysis patients; if, however, there is insuffi‐
cient response after 2 to 3 months, intravenous iron should be administered. However, the
use of IV iron reduces the risk of adverse gastrointestinal reactions and overcomes the prob‐
lem of poor compliance with oral therapy [82, 83]. Another advantage of the i.v. route is that
the iron will not be eliminated by first-pass effects or by high efficiency dialysis membranes
and the iron can be quickly released into the reticuloendothelial system and used for eryth‐
ropoiesis, thus increasing its bioavailability. Intravenous iron administration may not only
decrease hemoglobin variability and ESA hyporesponsiveness, it may also reduce the great‐
er mortality associated with the much higher ESA doses that have been used in some pa‐
tients when targeting higher hemoglobin levels [84]. Other, longer term concerns about
intravenous administration of iron include the potential for increased susceptibility to infec‐
tions and oxidative stress. Much of the scientific evidence for this has been generated in in
vitro experiments, the clinical significance of which is unclear. There is emerging evidence
that intravenous iron may improve the anemia of CKD in up to 30% of patients not receiv‐
ing ESA therapy and have a low ferritin level [85]. Abnormalities of iron metabolism and
anemia in chronic renal failure seem to correlate with levels of serum Hepcidin [86]. Hepci‐
din is a recently discovered protein of expeditious action produced in the liver and that may
play an important role in iron homeostasis [87-89]. Hepcidin limits the absorption of iron
from the intestine and iron release from macrophages and hepatocytes [90]. Iron absorption
capacity in patients with CKD is considerably lower than in non-uremic individuals, partic‐
ularly in the presence of systemic inflammatory activity, and this is probably mediated by
Hepcidin up-regulation [91, 92]. The data in CKD and particularly in ESRD is limited both
in hemodialysis and in peritoneal dialysis [93]. Because of its excretion in the urine [94, 95]
and regulation by the presence or absence of inflammation, it is likely that its metabolism is
affected by renal function and consistently influences the absorption of iron from the intes‐
tine and the stores of iron [96-99]. Originally due to the inability to measure serum levels of
Hepcidin, its role in chronic kidney disease had not been adequately studied and most stud‐
ies involved hepcidin’s levels in urine. It has been attempted to measure prohepcidin a pre‐
cursor peptide of Hepcidin in CKD patients [100, 101]. According to our recently
unpublished data Hepcidin levels were increased in hemodialysis patients in relation to nor‐
mal individuals. The U.S. [16] and European [17] guidelines on renal anemia management
suggest that the ferritin level be maintained in the range of 200 to500 μg/l, with an upper
limit of 800 μg/l. Levels of ferritin above this threshold usually do not confer any clinical ad‐
vantage and may exacerbate iron toxicity. The optimal transferring saturation is above 20%
to 30% to ensure a readily available supply of iron to the bone marrow. Several studies sup‐
port the maintenance of the percentage of hypochromic red cells at levels of less than 6%.
Other measures of iron status, such as serum transferring receptor levels [102] and erythro‐
cyte zinc protoporphyrin levels, are mainly research tools and have not been established in
routine clinical practice. Intramuscular administration of iron is not recommended in CKD,
given the enhanced bleeding tendency, the pain of the injection, and the potential for
brownish discoloration of the skin. Thus, intravenous administration of iron has become the
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standard of care for many CKD patients, particularly those receiving hemodialysis [17, 68,
69, 103]. An important advantage of i.v. iron over oral iron is that it may bypass hepcidin
actions by directly loading transferrin and making iron available to macrophages. Despite a
reduction in the short-term risks, there is still concern about the potential for long-term tox‐
icity of i.v. iron use (e. g. atherosclerosis development, infection and increased mortality)
[104, 105] .The association of atherosclerosis with iron overload remains unclear. Alterna‐
tively, the relative risk for mortality or hospitalization from infection in patients undergoing
HD and receiving i.v. iron was shown not to be higher than that observed in the overall HD
population. Indeed, doses of i.v. iron up to 400 mg/month were associated with improved
patient survival. There are several intravenous iron preparations available worldwide, in‐
cluding iron dextran, iron sucrose, and iron gluconate and Ferric carboxymaltose (table 1).
AVAILABLE IV
IRON
PREPARATIONS
MAXIMUM
DOSE
ADMINISTRATION TEST DOSE
Dextran Iron* 1000mg 0.0442 (Desired Hb - Observed
Hb) x LBW + (0.26 x  Lean body
weight in kg) (For males: LBW =
50 kg + 2.3 kg for each inch of
patient’s height over 5 feetFor
females: LBW = 45.5 kg + 2.3 kg
for each inch of patient’s height
over 5 feet.)
   A test dose of 25 mg diluted in 50
  ml normal saline and infused over
 5 minutes should be given. Infusion
 should then be stopped for 1 hour.
 If there is no reaction after 1 hour
  continue.
Gluconate Iron* 125mg The recommended dosage of
Sodium Ferric Gluconate for the
repletion treatment of iron
deficiency in hemodialysis
patients is 10 mL of Ferrlecit (125
mg of elemental iron). Ferrlecit
may be diluted in 100 mL of 0.9%
sodium chloride administered by
intravenous infusion over 1 hour
per dialysis session
  No test
Iron Sucrose* 500mg Administer Venofer 100 mg
undiluted as a slow  injection over
2 to 5 minutes, or as an infusion
of 100 mg diluted in a maximum
of 100 mL of 0.9% NaCl over a
period of at least 15 minutes, per
consecutive  session. Venofer
should be administered early
during the dialysis session.
  No test dose
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AVAILABLE IV
IRON
PREPARATIONS
MAXIMUM
DOSE
ADMINISTRATION TEST DOSE
Ferric
Carboxymaltose**
A cumulative
iron dose of
500 mg
should not
be exceeded
for patients
with body
weight < 35
kg. A single
dose of
Ferinject
should not
exceed 1000
mg of iron
(20 ml) per
day. Do not
administer
1000 mg of
iron (20 ml)
more than
once a week.
  1000 mg of iron during a
  minimum administration time of
  </=15 minutes.
  No test dose
Table 1. Avalaible i.v. iron preparations. *: www.globalrph.com - **: www.medicines.org.uk
All of these preparations contain elemental iron surrounded by a carbohydrate shell, which
allows them to be injected intravenously. The liability of iron release from these prepara‐
tions varies, with iron dextran being the most stable, followed by iron sucrose and then iron
gluconate. Iron is released from these compounds to plasma transferrin and other iron-bind‐
ing proteins and is eventually taken up by the reticulo-endothelial system. In hemodialysis
patients, it is easy and practical to give low doses of intravenous iron (e.g., 10 to 20 mg every
dialysis session) or, alternatively, 100 mg weekly. The more stable the iron preparation, the
larger the dose administration rate that can be used. For example, 1gr of iron dextran may
be given by intravenous infusion, whereas the maximum recommended dose of iron sucrose
at any one time is 500 mg. For iron gluconate, doses in excess of 125 to 250 mg are best
avoided. A 100 mg dose of iron sucrose is administered at 10 consecutive HD sessions. If
after the end of the first 10-dose cycle patients remain iron deficient they complete another
10-dose cycle. If TSAT is 20-50% and SF 100-800 ng/mL, the patients start the maintenance
regimen. If TSAT>50% or SF> 800 ng/mL then no further iron supplementation was deemed
necessary. Iron replete patients received the iron maintenance regimen, consisting of 10 one
weekly doses of up to 100 mg iron sucrose over 5 minutes. Iron repletion is defined as TSAT
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20-50% and SF 100-800 ng/mL [106, 107]. Iron sucrose appears to offer the most favorable
safety profile when compared to iron dextran and sodium ferric gluconate in treating hemo‐
dialysis patients. Oxidative stress and hypersensitivity reactions are common problems en‐
countered when administering intravenous iron [108]. Therapy with dextran-free iron
formulations is an essential part of anemia treatment protocols, and was not found to be as‐
sociated with either short- or long-term serious side-effects [109]. Results suggest that 200
mg/FeIV/month is effective and that, of the markers tested, TSAT would be the most suita‐
ble one to the practicing nephrologist so as to optimize intravenous iron in the long run
[110]. Sodium ferric gluconate is well tolerated when given by intravenous push without a
test dose [111]. SFGC has a significantly lower incidence of drug intolerance and life-threat‐
ening events as compared to previous studies using iron dextran. The routine use of iron
dextran in hemodialysis patients should be discontinued [112]. Nevertheless, older i.v. iron
formulations have their limitations, including the potential for immunogenic reactions in‐
duced by dextran molecules (iron dextran) [113], dose limitations, a slow rate of administra‐
tion (to prevent acute, labile iron-induced toxicity and vasoactive reactions) [70, 113] and the
compulsory requirement for a test dose (iron dextrans in USA [114] and Europe. All-event
reporting rates were 29.2, 10.5 and 4.2 reports per million 100 mg iron dose equivalents,
while all-fatal-event reporting rates were 1.4, 0.6 and 0.0 reports per million 100 mg dose
equivalents for iron dextran, sodium ferric gluconate and iron sucrose, respectively [115].
Recently, two new iron preparations have become available for intravenous use (ferumoxy‐
tol in the United States and ferric carboxymaltose in Europe) [116]. Both of these compounds
allow higher doses of intravenous iron to be administered rapidly as a bolus injection, with‐
out the need for a test dose. Ferric carboxymaltose [FCM; FerinjectR; Vifor (International)
Inc., St Gallen, Switzerland] is a next-generation parenteral, dextran-free iron formulation
designed to overcome the limitations of existing i.v. iron preparations. The FCM is a macro‐
molecular ferric hydroxide carbohydrate complex, composed of a poly-nuclear iron(III) hy‐
droxide complexed to carboxymaltose [117]. As FCM is a strong and robust iron complex,
and it can be administered in high doses, it does not release large amounts of reactive (‘free’)
iron into the circulation and does not trigger dextran- associated immunogenic reactions
[111, 117-119]. All intravenous iron preparations carry a risk for immediate reactions, which
may be characterized by hypotension, dizziness, and nausea. These reactions are usually
short-lived and caused by too large a dose given during too short a time. Iron dextran also
carries the risk for acute anaphylactic reactions due to preformed dextran antibodies, and
although this risk may be less with the lower molecular weight iron dextrans, the potential
for anaphylaxis still remains. In such patients, a response to intravenous iron alone may oc‐
cur within 2 to 3 weeks of iron administration. In those already receiving ESAs, there is con‐
siderable evidence that concomitant intravenous iron may enhance the response to the ESAs
and result in lower dose requirements [17, 21, 68]. Ferric carboxymaltose also replenishes
depleted iron stores and improves health-related quality-of-life (HR-QoL) on patients with
iron-deficiency anemia. FCM is at least as effective as iron sucrose and as ferrus sulfate with
regards to end point relative to serum ferritin, transferrin saturation and HR-QoL. Com‐
monly reported drug-related adverse events include headache, dizziness, nausea, abdomi‐
nal pain, constipation, diarrhea, rash and injection-site reactions. The incidence of drug-
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related adverse events on patients receiving intravenous FCM was generally similar to that
in patients receiving oral ferrous sulfate. In general, rash and local injection-site reactions
were more common with ferric carboxymaltose, whereas gastrointestinal adverse events
were more frequent with ferrous sulfate [120]. Based on the No-Observed-Adverse-Effect-
Levels (NOAELs) found in repeated-dose toxicity studies and on the cumulative doses ad‐
ministered, FCM has good safety margins. Lastly, no evidence of irritation was found in
local tolerance studies with FCM [70]. Ferric carboxymaltose may represent a cost-saving
option compared with the most likely alternative existing therapies used for the manage‐
ment of anemia [121, 122].
4.2. Correction of vitamin B and Acid Folic
Vitamin abnormalities in patients with CKD are frequent and appear early even with mild
renal failure; fat-soluble vitamin supplements (A and E) should be avoided and their diet‐
ary intake limited [123]. Deficiency and/or altered metabolism of vitamins in ESRD is caused
by uremic toxins, dietary restrictions, catabolic illness, losses during dialysis and drug in‐
teraction. In patients with polyneuropathy high doses of thiamine pyrophosphate (Cocar‐
boxylase), given i.v., can be helpful in this respect. There are conflicting reports concerning
plasma level  of  vitamin  B2  (riboflavin)  in  ESRD patients.  Some authors  recommend its
supplementation. The majority of patients with ESRD exhibit biochemical and clinical signs
of vitamin B6 deficiency. A univocal opinion exists that supplementation of this vitamin
effects the cellular immune system and the amino acid metabolism as well. An adequate
dose of vitamin B6 is still a matter of dispute. Evidence of vitamin B12 deficiency has been
reported rarely, thus, only few authors recommend the supplementation of it,  mainly in
CAPD patients. According to most authors the losses of folic acid and ascorbic acid dur‐
ing dialysis require oral supplementation. Despite the divergences in opinions concerning
the deficiency of  water-soluble vitamins in ESRD patients,  the supplementation of  these
vitamins is  practiced in many nephrological  centers.  The amount and the route of  vita‐
mins,  administered  to  ESRD  patients,  should  be  individualized  [124-126].  In  ESRD  pa‐
tients  under  maintenance  hemodialysis,  oral  L-carnitine  supplementation  may  reduce
triglyceride and cholesterol and increase HDL and hemoglobin and subsequently reduce
needed erythropoietin dose without effect on QoL [127]. Adjuvant therapy includes: iron,
vitamin C and D, L-carnitine, folic acid, cytokines and growth factors. Vitamin C (500 mg,
after every hemodialysis) is very helpful in cases of functional iron deficiency. L-carnitine
stabilizes the membrane of erythrocytes and prolongs their lives.  Folic acid (10 mg/day)
enhances response to EPO [128]. According to other authors supplementations of pyridox‐
ine in the dose of 20 mg/day and of folic acid 5 mg/week in hemodialyzed patients dur‐
ing erythropoietin treatment are necessary [129].
4.3. Erythropoiesis Stimulating Agents
Erythropoiesis is a complex physiologic process through which homeostasis of oxygen lev‐
els in the body is maintained. It is primarily regulated by EPO, a 30-kD, 165–amino acid
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hematopoietic growth factor that is produced primarily by renal tubular and interstitial
cells. Under normal conditions, endogenous EPO levels change according to O2 tension.
EPO gene expression is induced by hypoxia-inducible transcription factors (HIF) [130]. In
the presence of EPO, bone marrow erythroid precursor cells proliferate and differentiate in‐
to red blood cells. In its absence, these cells undergo apoptosis [131]. Endogenous EPO and
rHuEPO share the same amino acid sequence, with slight but functionally important differ‐
ences in the sugar profile. In clinical practice, rHuEPO is typically administered as a bolus
injection, and the dosage is titrated to give the desired effect [131]. There is no significant
difference between once weekly versus thrice weekly subcutaneous administration of rHu
EPO. Once weekly administration of rHu EPO would require an additional 12U/kg/week for
patients on hemodialysis [132].
Recombinant human erythropoietin has been used for more than 20 years for the treatment
of renal anemia, revolutionizing its treatment in patients with CKD when it was approved
for use in the United States in 1989, [133, 134] with epoetin-alfa and -beta representing the
common traditional preparations. By the modification of the molecule's carbohydrate moi‐
ety or structure a longer duration of erythropoietin receptor stimulation was achieved. The
administration of darbepoetin or C.E.R.A. once or twice a month is also sufficient to achieve
serum hemoglobin target levels, [135] making the treatment safer and more comfortable
both for the patients and the personnel. These synthetic erythropoietin receptor stimulating
molecules, along with recombinant human erythropoietin, are together called "Erythropoie‐
sis Stimulating Agents". The recombinant human erythropoietins and allied proteins (epoe‐
tin-alfa, attempted copies and biosimilar variants of epoetin-alfa, epoetin beta, epoetin delta,
epoetin zeta, epoetin theta, epoetin omega, darbepoetin-alfa, and methoxy-polyethylene gly‐
col-epoetin beta) are among the most successful and earliest examples of biotechnologically
manufactured products to be used in clinical medicine (Table 2) [136].
AVALAIBLE ESAs DOSE REGIMEN
Prototype
epoetin-alfa* Correction phase:
50 IU/kg, 3 times per week.
When a dose adjustment is necessary, this should be done in steps of at
least four weeks. At each step, the increase or reduction in dose should be
of 25 IU/kg, 3 times per week.
Maintenance phase:
Dosage adjustment in order to maintain haemoglobin values at the
desired level: Hb between 10 and 12 g/dl (6.2 - 7.5 mmol/l).
The recommended total weekly dose is between 75 and 300 IU/kg.
epoetin beta* 1. Correction phase
- Subcutaneous administration:
- The initial dosage is 3 x 20 IU/kg body weight per week. The dosage may
be increased every 4 weeks by 3 x 20 IU/kg and week if the increase of Hb
is not adequate (< 0.25 g/dl per week).
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AVALAIBLE ESAs DOSE REGIMEN
- The weekly dose can also be divided into daily doses.
- Intravenous administration:
The initial dosage is 3 x 40 IU/kg per week. The dosage may be raised after
4 weeks to 80 IU/kg three times per week - and by further increments of
20 IU/kg if needed, three times per week, at monthly intervals.
For both routes of administration, the maximum dose should not exceed
720 IU/kg per week.
2. Maintenance phase
To maintain an Hb of between 10 and 12 g/dl, the dosage is initially
reduced to half of the previously administered amount. Subsequently, the
dose is adjusted at intervals of one or two weeks individually for the
patient (maintenance dose).
darbepoetin-alfa* Correction phase:
The initial dose by subcutaneous or intravenous administration is 0.45
µg/kg body weight, as a single injection once weekly.
If the rise in haemoglobin is greater than 2 g/dl (1.25 mmol/l) in four
weeks reduce the dose by approximately 25%.Dosing should be titrated as
necessary to maintain the haemoglobin target.
If a dose adjustment is required to maintain haemoglobin at the desired
level, it is recommended that the dose is adjusted by approximately 25%
Methoxy-polyethylene
glycol-epoetin beta*
a starting dose of 0.6 microgram/kg bodyweight may be administered
once every two weeks as a single intravenous or subcutaneous injection in
patients on dialysis or not on dialysis. The dose may be increased by
approximately 25% of the previous dose if the rate of rise in haemoglobin
is less than 1.0 g/dl (0.621 mmol/l) over a month. Further increases of
approximately 25% may be made at monthly intervals until the individual
target haemoglobin level is obtained.
Biosimilar
epoetin zeta* 1. Correction phase:
50 IU/kg 3 times per week. When a dose adjustment is necessary, this
should be done in steps of at least four weeks. At each step, the increase
or reduction in dose should be of 25 IU/kg 3 times per week.
2. Maintenance phase:
Dose adjustment in order to maintain haemoglobin (Hb) values at the
desired level: Hb between 10 and 12 g/dl (6.2-7.5 mmol/l). The
recommended total weekly dose is between 75 and 300 IU/kg.
epoetin delta** For Epoetin delta it is recommended to adjust the dose individually to
maintain the target haemoglobin in the range 10 to 12 g/dl. A starting
dose is recommended of 50 IU/kg three times a week if given
intravenously or twice a week if given subcutaneously
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AVALAIBLE ESAs DOSE REGIMEN
epoetin omega*** Starting with 20 to 50 IU / kg three times a week, with a gradual increase
in dose or frequency of issuance before the impact. Beyond hemoglobin
levels to 12 g / m and Hematocrit-35 %. Dose reduction or no treatment. If
there Effect dose increase to 40 to 55 IU / kg three times a week for two
weeks, if necessary, until 60-75 IU / kg The course continues until the level
Hematocrit (35 vol. %) And hemoglobin (12 g / m); Total weekly dose
should not exceed 225 IU / kg supporting-60 IU / kg per week for 2-3
reception
epoetin theta** Correction phase
Subcutaneous administration: The initial posology is 20 IU/kg body weight
3 times per week. The dose may be increased after 4 weeks to 40 IU/kg, 3
times per week, if the increase in haemoglobin is not adequate (< 1 g/dl
[0.62 mmol/l] within 4 weeks). Further increases of 25% of the previous
dose may be made at monthly intervals until the individual target
haemoglobin level is obtained.
Intravenous administration: The initial posology is 40 IU/kg body weight 3
times per week. The dose may be increased after 4 weeks to 80 IU/kg, 3
times per week, and by further increases of 25% of the previous dose at
monthly intervals, if needed.
For both routes of administration, the maximum dose should not exceed
700 IU/kg body weight per week.
Maintenance phase
The dose should be adjusted as necessary to maintain the individual target
haemoglobin level between 10 g/dl (6.21 mmol/l) to 12 g/dl (7.45
mmol/l), whereby a haemoglobin level of 12 g/dl (7.45 mmol/l) should
not be exceeded. If a dose adjustment is required to maintain the desired
haemoglobin level, it is recommended that the dose be adjusted by
approximately 25%. Subcutaneous administration: The weekly dose can
be given as one injection per week or three times per week.
Intravenous administration: Patients who are stable on a three times
weekly dosing regimen may be switched to twice-weekly administration.
If the frequency of administration is changed, haemoglobin level should
be monitored closely and dose adjustments may be necessary.
The maximum dose should not exceed 700 IU/kg body weight per week
Table 2. Available ESAs worldwide. *: ww.medicines.org.uk, **: www.ema.europa.eu, ***: www.pharmabook.net
In hemodialysed patients the intravenous route is preferred, but the subcutaneous admin‐
istration can substantially reduce dose requirements [137-139].  However,  there are stud‐
ies according to which conversion from SC to IV epoetin administration did not result in
changes  in  Hb  levels  or  epoetin  dosage  requirements  in  iron-replete  hemodialysis  pa‐
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tients,  [140]  but  it  seems that  SC route  of  administration was associated with  modestly
higher hemoglobin variability [138].
There are ongoing clinical trials with erythropoiesis stimulating molecules that can be ad‐
ministered by inhalation or per os [137]. It is also known from other studies that some co-
morbidities like antecedents of malignant neoplasm are associated with EPO responsiveness
[141]. In a pre-dialysis population, female gender, cardiovascular disease, malnutrition and
inflammation are associated with ESA hyporesponsiveness [142]. EPO resistance in a pedia‐
tric dialysis cohort was predicted by nutritional deficits, inflammation, poor dialysis, and
hyperparathyroidism, while iron and folic acid deficits were the major determinants in
adults. Although confounded by the pattern of EPO prescription, neither age nor gender
was predictive of EPO resistance in the two study groups [143]. Additionally delivered dial‐
ysis (Kt/ V(urea)) does not seem to be a significant predictor of erythropoietin responsive‐
ness [144]. It also seems that there is difference in EPO hyporesponsiveness prevalence
among different countries and different modalities [145]. The proportion of age has a limited
influence on the level of anemia in pre-dialysis patients and is similar in both genders [146]
There are, although, studies according to which there is higher proportion of anemia in fe‐
male patients [147]. In a multicenter study with 8154 dialysis patients, females, blacks, pa‐
tients between 18 and44 years old on hemodialysis less than six months exhibited
significantly lower mean hemoglobin values despite being prescribed, on average, signifi‐
cantly higher epoetin alfa doses than males, whites and older patients, on hemodialysis
more than six months. A significant regional variation in the prescribing patterns for s.c.
epoetin alfa and i.v. iron has been described in this study [148]. Comparisons between pa‐
tients from western and from eastern/central Europe show that patients from eastern/central
Europe are less likely to receive epoetin treatment before starting dialysis, and have lower
Hb concentrations at the start of epoetin treatment as well as at the start of dialysis [149]. In
another multicenter study by Nissenson et al. there were wide variations in hemoglobin re‐
sponse rate among patients on hemodialysis, hemofiltration and hemodiafiltration [150].
Other factors such as cytokines like IL6 are induced by malignant tumors and may impair
erythropoiesis. Also, TNF-α is known to inhibit this pathway [151]. Low ESA responsive‐
ness was associated with higher mortality in both HD and PD patients [152]. In patients with
persistently low Hb levels, mortality risk is strongly associated with the patient's ability to
achieve a hematopoietic response rather than the magnitude of EPO dose titrations [153]. ESA
dosing may be directly associated with risk of death, but the nature of the association likely
varies according to hemoglobin concentration. Small doses with hemoglobin ≤12 g/dl and large
doses with hemoglobin ≥10 g/dl may both be associated with poor outcomes [154].
Serum albumin concentration is an important predictor of both baseline Hb and EPO sensi‐
tivity in chronic hemodialysis patients. Factors that improve serum albumin may also im‐
prove Hb in hemodialysis patients [155]. Hyperleptinemia reflects better nutritional status
and rHuEPO response in long-term HD patients. Increasing energy intake improves eryth‐
ropoiesis, which may be mediated in part by an increase in serum leptin levels [156, 157].
Statin therapy may improve responsiveness to erythropoietin-stimulating agents in patients
with end-stage renal disease, increasing erythropoiesis by targeting hepcidin and iron regu‐
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latory pathways, independent of erythropoietin [158, 159]. The initial and sustained erythro‐
poietic responses are independent from each other and are associated with different factors.
Treatment focusing on these factors may improve the response [160]. A pleiotropic effect of
EPO has been shown in the kidney, the central nervous system, and the cardiovascular sys‐
tem, [161] such as significant slowing of progression and substantial retardation of mainte‐
nance dialysis [162, 163].
Although ESA use in patients with chronic kidney disease or/and on dialysis were studied
extensively, the optimal target hemoglobin concentration as well as the required ESA dose and
dosing interval to achieve this concentrations remain elusive (NHS, CREATE, CHOIR and
TREAT) [164-167]. Hb can be increased with erythropoiesis-stimulating proteins (ESPs); how‐
ever, 5-10% of patients respond poorly. The patient incidence of hyporesponse seems to be
around 14%, and a mean 9% of patients is hyporesponsive at any given time. The most common
potential causes of hyporesponse is iron deficiency (being reported in 39% of hyporesponse
events), medication (immunosuppressive agents, ACE inhibitors), secondary hyperparathyr‐
oidism [168] and inflammation/malnutrition [169]. The safety profile of epoetin-alfa and dar‐
bepoetin-alfa are similar, but the longer half-life of darbepoetin-alfa permits administration on
a once a week or once-monthly basis in patients with CKD and anemia. Extended dosing of
CERA also appears safe and effective on dialysis patients with CKD [81].
Epoetin alfa: is a recombinant form of erythropoietin, a glycoprotein hormone which stimu‐
lates red blood cell production by stimulating the activity of erythroid progenitor cells. In‐
travenous and subcutaneous therapy with epoetin alfa raises hematocrit and hemoglobin
levels, and reduces transfusion requirements, in anemic patients with end-stage renal failure
undergoing hemodialysis. The drug is also effective in the correction of anemia on patients
with chronic renal failure not yet requiring dialysis and does not appear to affect renal he‐
modynamics adversely or to precipitate the onset of end-stage renal failure. Epoetin alfa
does not appear to exert any direct cerebrovascular adverse effects [170]. Administration of
epoetin alfa at once weekly and fortnightly intervals are potential alternatives to three times
per week dosing for the treatment of anemia [171-173].
Epoetin beta: is a recombinant form of erythropoietin. The drug binds to and activates recep‐
tors on erythroid progenitor cells which then develop into mature erythrocytes. Epoetin beta
increases reticulocyte counts, hemoglobin levels and hematocrit in a dose-proportional man‐
ner. Increases of 15 to 54% in hemoglobin levels and 17 to 60% in hematocrit were reported
after subcutaneous or intravenous epoetin beta therapy in studies of 8 weeks' to 12 months'
duration. Comparative data indicate that dosage reductions of approximately 30% com‐
pared with intravenous therapy are possible when subcutaneous administration of epoetin
beta is used. Hematocrit increased more rapidly in 5 multicenter studies on patients who re‐
ceived epoetin beta subcutaneously than on those who received the same dosage intrave‐
nously. It also causes significant improvements on quality of life, exercise capacity and
overall well-being. Results of clinical studies indicate that subcutaneous administration is
desirable where possible in the majority of patients [174].
Darboepoetin-alfa: It is a hyperglycosylated analog of recombinant human erythropoietin
with the same mechanism of action as erythropoietin, but with a three-fold longer terminal
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half-life after intravenous administration than recombinant human erythropoietin and the
native hormone both in animal models and in humans. It is administered less frequently
(once weekly or every other week) [175, 176]. The recommended starting dose in chronic re‐
nal failure patients is 0.45mcg/kg once weekly for both intravenous and subcutaneous ad‐
ministration, with subsequent titration based on the hemoglobin concentration. The adverse
event profile of darbepoetin-alfa is similar to that of recombinant human erythropoietin in
both settings, [177, 178] and effectively maintains hemoglobin in the target range in dialysis
patients with renal anemia [179]. It also has been shown to be effective when administered
once/week and once every 2, 3, or 4 weeks [180]. There are no reports of antibody formation
associated with darbepoetin-alfa on chronic renal failure patients, and three cases of anti‐
body formation, with neutralizing activity in one of the cases, reported on cancer patients
[181-184].
Cera: Methoxy polyethylene glycol-epoetin beta (MPG-EPO; Mircera®, Roche, Basel, witzer‐
land) is an agent that has a different interaction with the erythropoietin receptor than previ‐
ous agents and has a long elimination half-life (approximately 130 hours) [185]. MPG-EPO is
the only ESA generated by chemical modification of glycosylated erythropoietin, by the in‐
tegration of one specific, long, linear chain of polyethylene glycol. The resultant molecule
has a molecular weight of approximately 60 kDa, which is twice that of epoetin. The me‐
thoxy polyethylene glycol polymer chain is integrated through amide bonds between the N-
terminal amino group or the ε-amino group (predominantly lysine-52 or lysine-45) with a
single butanoic acid linker [186]. In ESA-naïve patients, the recommended starting dose is
0.6 μg/kg administered once every 2 weeks as a subcutaneous or intravenous injection, in
order to reach a hemoglobin level of.11 g/dL. The dose may be increased by approximately
25% if hemoglobin levels increase by, 1.0 g/dL over a month. Further increases of approxi‐
mately 25% may be made once per month until the individual target hemoglobin level is
reached. If a hemoglobin level of.11 g/dL is reached for an individual patient, MPG-EPO
may be continued once per month using a dose equal to twice the previous dose once every
2 weeks. Patients currently being treated with ESA can be directly converted to MPG-EPO
administered once per month as a single intravenous or subcutaneous injection. The starting
dose of this agent is based on the calculated weekly equivalent dose of DA or epoetin at the
time of conversion [187]. The first injection of MPG-EPO should start at the next scheduled
dose of the previously administered DA or epoetin dose. On patients receiving treatment
with ESA and those naïve to ESA, the MPG-EPO dose should be reduced by approximately
25% if the hemoglobin level increases by more than 2 g/dL in 1 month or if the hemoglobin
level approaches 12 g/dL. If hemoglobin levels continue to increase, MPG-EPO administra‐
tion should be interrupted until these levels begin to decrease (a decrease of approximately
0.35 g/dL per week is expected). Therapy should then be resumed at a dose approximately
25% less than the previously administered dose. Dose adjustments should not be made
more frequently than once per month [17, 188]. Once-monthly CERA therapy maintains sta‐
ble Hb values with low intra-individual variability and few dose adaptations in hemodialy‐
sis patients when administered entirely according to local practice, and the regimen is well-
tolerated [189]. C.E.R.A. can be administered to patients at any time during hemodialysis or
hemofiltration without appreciable loss in the extracorporeal circuit [190].
Hemodialysis330
Peginesatide (formerly known as Hematide™): is a synthetic, peptide-based erythropoiesis-stim‐
ulating agent linked to polyethylene glycol. Based on extensive preclinical and clinical data
substantiating the efficacy and safety of this agent, it was approved in the U.S. in March
2012 for the treatment of anemia due to chronic kidney disease in adult patients on dialysis.
Peginesatide (Omontys®) was launched in the U.S. in April 2012 [191, 192]. A drug capable
of stimulating erythropoiesis is the first ESA that bears no structural similarity to rhuEPO.
Peginesatide is a synthetic, dimeric peptide that is covalently linked to polyethylene glycol
(PEG). Peginesatide binds to and activates the human EPO receptor, stimulating the prolif‐
eration and differentiation of human red cell precursors in vitro in a manner similar to ESAs
[193]. Peginesatide administered once monthly was as effective as epoetin alfa given thrice
weekly (dialysis patients) or darbepoetin given once weekly (nondialysis patients), in cor‐
recting anemia of chronic kidney disease as well as maintaining hemoglobin within the de‐
sired target range [194-196].
4.4. Biosimilar
Epoetin zeta:  Epoetin zeta is therapeutically equivalent to epoetin alfa in the maintenance
of  target  Hb levels  on patients  with  renal  anemia.  No unexpected adverse  effects  were
seen [197-201].
Epoetin theta: Has efficacy comparable with epoetin beta (s.c.) in pre-dialysis patients with
renal anemia based on Hb changes from baseline to end of treatment (non-inferiority). The
safety profile was also comparable. Patients could be switched from maintenance treatment
with epoetin beta to epoetin theta without relevant dose changes [202].
Epoetin omega: Epoetin-omega is a sialoglycoprotein with smaller amounts of O-bound sug‐
ars, less acidic and with different hydrophylity than the other 2 epoetins. The initial weekly
dose of epoetin-omega was 90 units per kg of body weight (b.w.) divided in 3 equal portions
and administered subcutaneously after each dialysis session. After correction of the hemoglo‐
bin, the dose of rHuEPO was individualized to keep Hb within target limits of 100-120 g/l. The
mean dose of epoetin-omega during the correction period never exceeded 100 U/kg b.w. per
week and the average maintenance dose between 50-60 U/kg b.w. per week [203, 204].
HX575: Is a biosimilar version of epoetin-α that is approved for the treatment of anemia as‐
sociated with chronic kidney disease (CKD) using the intravenous route of administration
[205, 206]. In a study for S.C. use two patients developed neutralizing antibodies (NAbs) to
erythropoietin, which resulted in the study being terminated prematurely [207].
4.5. Adverse effects of EPO therapy
Adverse effects of EPO therapy are uncommon, apart from a moderate increase in blood pressure
and an increased rate of vascular access thrombosis. In spite of the fact that, these effects are
probably dependent to a large degree on the increase in Hb concentrations, there are some
concerns that ESA therapy may enhance thrombogenicity and tumor growth on patients with
malignant disease as well as exacerbate vascular events in CKD independently of Hb concen‐
trations [208]. In treatment with epoetin alfa hypertension occurs in 30 to 35% of patients with
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end-stage renal failure, but this can be managed successfully with correction of fluid status
and antihypertensive medication where necessary, and is minimized by avoiding rapid in‐
creases in hematocrit. Although vascular access thrombosis has not been conclusively linked
to therapy with the drug, increased heparinisation may be required when it is administered to
patients on hemodialysis [170]. On patients who receive epoetin beta, hypertension may occur
but may be minimized by avoiding rapid increases in hematocrit (> 0.5%/week), and is man‐
aged in most cases with control of fluid status and antihypertensive medication. Although
clotting of the vascular access has not been conclusively linked to epoetin beta, caution is
recommended on patients undergoing hemodialysis. Increased heparinisation is recommend‐
ed to prevent clotting in dialysis equipment [174]. Before 1998, EPO alfa in Europe was formulated
with human serum albumin, but because of a change in European regulations, this was replaced
with polysorbate 80. EPO beta is formulated with polysorbate 20, along with urea, calcium
chloride, and five amino acids as excipients. The importance of the formulation of the EPO
products was highlighted in 2002 with an upsurge in cases of antibody-mediated pure red cell
aplasia in association with the subcutaneous use of EPO alfa after its change for indicate
mulation. Patients affected by this complication develop neutralizing antibodies against both
rhuEPO and the endogenous hormone, which result in severe anemia and transfusion depend‐
ence [209, 210]. The cause of this serious complication in which there is a break in B-cell tolerance
remains obscure, although it seems likely that factors such as a breach of the cold storage chain
were relevant,  and the subcutaneous application route was a prerequisite;  circumstantial
evidence also suggested that rubber stoppers of prefilled syringes used in one of the albumin-
free EPO alfa formulations may have released organic compounds that acted as immunolog‐
ic adjuvants [211].
4.6. Which target is the best for the correction of anemia on hemodialysis patients?
There has been considerable debate in recent times about the optimal target range of Hb in
CKD patients [133]. The improvement in quality of life with increasing Hb concentrations
supports a level above 10 to 11 g/dl in all CKD patients, [16, 17] but some studies have indi‐
cated increased risks associated with attempts to completely correct anemia. No survival
benefit is evident at a higher level of anemia correction, [13, 164, 165, 167] although quality
of life and exercise capacity may be greater. Thus, there is a possible tradeoff between im‐
proved quality of life and increased cost and risk for harm, so that a target level of Hb above
13 g/dl should be avoided [16]. Clinical trials of erythropoiesis-stimulating agents indicate
that targeting the complete correction of anemia in patients with chronic kidney disease re‐
sults in a greater risk of morbidity and mortality despite improved hemoglobin and quality
of life [59, 164, 212]. Although there are studies that state the opposite [213, 214]. Relation‐
ships between hemoglobin concentration and mortality differed between African Americans
and whites. Additionally, the relationship of lower mortality with greater achieved hemo‐
globin concentration seen in white patients was observed for all-cause, but not cardiovascu‐
lar mortality [215]. Erythropoiesis-stimulating agents should be used to target hemoglobin
11-12 g/dl on patients with chronic kidney disease. However, a risk-benefit evaluation is
warranted in individual patients, and high ESA doses driven by hyporesponsiveness should
be avoided [216]. Intravenous iron may be beneficial for patients with hemoglobin less than
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11 g/dl and transferrin saturation less than 25% despite elevated ferritin (500-1200 ng/ml)
[217, 218]. TREAT and other large randomized, controlled trials of ESA treatment on pa‐
tients with CKD have not demonstrated a clinical benefit in terms of mortality, morbidity, or
quality of life improvement of targeting Hb levels greater than 12-13 g/dl. Some of these
studies have demonstrated increased risk of stroke, vascular access thrombosis, hyperten‐
sion, and other events [219]. The European Renal Best Practice (ERBP), which are issued by
ERA-EDTA, are suggestions for clinical practice in areas in which evidence is lacking or
weak, together with position statements on published randomized controlled trials, or on
existing guidelines and recommendations. In 2009, the Anemia Working Group of ERBP
published its first position statement about the hemoglobin target to aim for with erythro‐
poietin-stimulating agents (ESA) and on issues that were not covered by K-DOQI in 2006-07.
Following the findings of the TREAT study, the Anemia Working Group of ERBP maintains
its view that 'Hb values of 11-12 g/dL should be generally sought in the CKD population
without intentionally exceeding 13 g/dL and that the doses of ESA therapy to achieve the
target hemoglobin should also be considered. More caution is suggested when treating ane‐
mia with ESA therapy on patients with type 2 diabetes not undergoing dialysis (and proba‐
bly in diabetics at all CKD stages). To those with ischemic heart disease or with a previous
history of stroke, possible benefits should be weighed up against an increased risk of stroke
recurrence, when deciding which Hb level to aim for. These recommendations are not in‐
tended to represent a new guideline as they are not the result of a systematic review of evi‐
dence [220]. The National Kidney Foundation (NKF) and the Food and Drug Administration
(FDA) recommend different target levels for hemoglobin in patients with terminal kidney
disease treated by hemodialysis [79, 221]. The NKF recognizes also the importance of indi‐
vidualizing the treatment of anemia. The optimal range of target hemoglobin levels in Kainz
et al analysis of hemodialysis patients was 11 g/day. Furthermore, ESA hypo-responders
showed an increased risk of mortality with higher hemoglobin levels, and ESA responders
actually exhibited a decreased risk [222]. A corrected weekly ESA dose up to 16 000 units
with achieved hemoglobin levels ~11 g/dL exhibited the lowest mortality risk. Hemoglobin
variability as well as ESA hypo-response causing low hemoglobin levels was associated
with a numerically increased risk of mortality compared with patients with stable hemoglo‐
bin levels between 10 and 12 g/dL. Furthermore, ESA response requiring more than 16 000
units per week was also associated with an increased risk of death in ESA responders [222].
The Japanese Society for Dialysis Therapy (JSDT) guideline committee presents the Japanese
guidelines entitled "Guidelines for Renal Anemia in Chronic Kidney Disease." These guide‐
lines replace the "2004 JSDT Guidelines for Renal Anemia in Chronic Hemodialysis Pa‐
tients," and contain new, additional guidelines for peritoneal dialysis (PD), non-dialysis
(ND), and pediatric CKD patients [223]. Values for diagnosing anemia are based on the most
recent epidemiological data from the general Japanese population. To both men and wom‐
en, Hb levels decrease along with an increase in age and the level for diagnosing anemia has
been set at <13.5 g/dL on males and <11.5 g/dL on females. Renal anemia is identified as an
"endocrine disease." It is believed that in this way defining renal anemia will be extremely
beneficial for ND patients exhibiting renal anemia despite having a high GFR. We have also
emphasized that renal anemia may not only be treated with ESA therapy but also with ap‐
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propriate iron supplementation and the improvement of anemia associated with chronic
disease, which is associated with inflammation, and inadequate dialysis, another major
cause of renal anemia. In Japanese HD patients, Hb levels following hemodialysis rise con‐
siderably above their previous levels because of ultrafiltration-induced hemoconcentration;
and (ii) as noted in the 2004 guidelines, although 10 to 11 g/dL was optimal for long-term
prognosis if the Hb level prior to the hemodialysis session in an HD patient had been estab‐
lished at the target level, it has been reported that, based on data accumulated on Japanese
PD and ND patients, higher levels have a cardiac or renal function protective effect, on pa‐
tients without serious cardiovascular disease,without any safety issues.. Accordingly, the
guidelines establish a target Hb level in PD and ND patients of 11 g/dL or more, and recom‐
mend 13 g/dL as the criterion for dose reduction/withdrawal. If the serum ferritin is <100
ng/mL and the transferrin saturation rate (TSAT) is <20%, then the criteria for iron supple‐
mentation will be met; if only one of these criteria is met, then iron supplementation should
be considered unnecessary [223]. Italian Society of Nephrology in its guidelines for the treat‐
ment of anemia in chronic renal failure supports that before beginning epoetin treatment, it
is essential to evaluate the level of anemia by the measuring Hb concentration, Red blood
cell indices (MCV, MCH, MCHC), Reticulocyte count, Iron stores and availability and C-re‐
active protein (CRP). The minimum target Hb concentration to be attained is 11 g/dL. The
upper limit is established individually on a clinical basis. Pending further data, it is advisa‐
ble to maintain and not exceed 12 g/dL for patients with cardiovascular disease, diabetes,
and graft access. In the presence of adequate reserves of iron the need for higher dosages of
epoetin define a state of resistance [224].
Iron deficiency (60%) measured by ferritin levels and TSAT at start of dialysis was found in
Predialysis Survey on Anemia Management (21 European countries, Israel and South Afri‐
ca) despite the majority of patients under nephrologist’s care for more than twelve months.
Only 27% of patients had started epoetin treatment before dialysis therapy. Thirteen percent
had started dialysis therapy first, 33% had started epoetin and dialysis therapy simultane‐
ously, and 28% had not been administered epoetin at any time (total n = 4,095).
[225] Difference in hemoglobin levels was found in DOPPS study and mean Hgb levels were
12 g/dL in Sweden; 11.6 to 11.7 g/dL in the United States, Spain, Belgium, and Canada; 11.1 to
11.5 g/dL in Australia/New Zealand, Germany, Italy, the United Kingdom, and France; and
10.1 g/dL in Japan. Hgb levels were substantially lower for new patients with end-stage renal
disease, and EPO use before ESRD ranged from 27% (United States) to 65% (Sweden) [21].
At present, there is a "grey zone" also between the intervention threshold of Hb< 9 g/dl and
an Hb level > 13 g/dl, at which CKD is associated with a higher risk of cardiovascular
events. It seems to be clearly evident that ESA activate platelets directly and indirectly, and
that pathologically extended bleeding time is normalized when an Hb level of 10 g/dl is
reached; from the hemostaseological perspective, a threshold level for treatment of renal
anemia with ESA is thus defined. According to the present state of knowledge, an Hb target
range of 10-11 g/dl seems reasonable for renal anemia; this is also compatible with current
recommendations by ESA producers and the Food and Drug Administration (FDA) [226].
This target range avoids the upper and lower risk levels for Hb, and probably ensures a pos‐
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itive ESA effect on quality of life; it is much more cost-efficient than the target range of 11-12
g/dl recommended by the Kidney Disease Outcomes Quality Initiative (KDOQI) in 2007
[227]. ESA treatment for renal anemia should be aimed at reducing transfusion risk, with a
treatment target in most patients of 10-12 g/dl; therapy should be individualized, rapid in‐
creases in Hb level should probably be avoided, and lowest appropriate ESA doses should
be used. Temptation to increase ESA doses to very high levels in an attempt to overcome
ESA hypo responsiveness should be resisted [219]. It seems that greater hemoglobin varia‐
bility is independently associated with higher mortality [228]. Variability caused by labora‐
tory assays, biological factors, and therapeutic response determines patient Hb level
variability. Improving factors that can be manipulated (e.g., standardizing EPO and iron al‐
gorithms) and adjustment of the target Hb level range, specifically, by increasing the upper
bound, likely will decrease the observed variability and further enhance the quality of ane‐
mia management [229, 230].
5. Conclusion
It is obvious that renal anemia in hemodialysis patients remain a serious problem. This was
greater before EPO era, when blood transfusion was the only therapeutic approach. Insuffi‐
ciency of iron and EPO are the most important causes of this anemia. Nowadays with the
availability of new I.V. iron supplementation and ESAs this problem became more managea‐
ble. The high cost of the EPO treatment makes the iron therapy essential in order to maxi‐
mize EPO administration result with the lower dose. The ideal hemoglobin target has to be
established despite the numerous trials worldwide, and the treatment has to be individualized.
Author details
Konstantinos Pantelias1* and Eirini Grapsa2
*Address all correspondence to: drkpantelias@yahoo.com
1 Nephrology Department, Aretaieio University Hospital, Greece
2 Athens Medical School, Nephrology Department, Aretaieio University Hospital, Greece
References
[1] Nutritional anaemias. (1968). Report of a WHO scientific group. World Health Organ
Tech Rep Ser, 405, 5-37, PMID: 4975372].
Management of Anemia on Hemodialysis
http://dx.doi.org/10.5772/ 52399
335
[2] Robinson, B. E. (2006). Epidemiology of chronic kidney disease and anemia. J Am
Med Dir Assoc 9 quiz S17-21 [PMID: 17098633 S1525-8610(06)00457-9 [pii]10.1016/
j.jamda.2006.09.004 , 7, 3-6.
[3] Macdougall, C. (2010). Iain EK-U. Anemia in Chronic Kidney Disease. In: Jurgen
Floege RJ, John Feehally, editor Comprehensive Clinical Nephrology. Fourth ed. St. Louis,
Missouri: Elsevier Saunders, 951-958.
[4] Valderrabano, F., Jofre, R., & Lopez-Gomez, J. M. (2001). Quality of life in end-stage
renal disease patients. Am J Kidney Dis, 38(3), 443-464, PMID: 11532675,
S0272638601973688.
[5] Obrador, G. T, & Pereira, B. J. (2002). Anaemia of chronic kidney disease: an under-
recognized and under-treated problem. Nephrol Dial Transplant, 11(17), 44-46, PMID:
12386258].
[6] Merkus, M. P., Jager, K. J., Dekker, F. W., Boeschoten, E. W., Stevens, P., & Krediet, R.
T. (1997). Quality of life in patients on chronic dialysis: self-assessment 3 months af‐
ter the start of treatment. The Necosad Study Group. Am J Kidney Dis, 29(4), 584-592,
PMID: 9100049, S0272638697000747.
[7] Locatelli, F., Pisoni, R. L., Combe, C., Bommer, J., Andreucci, V. E., Piera, L., Green‐
wood, R., Feldman, H. I., Port, F. K., & Held, P. J. (2004). Anaemia in haemodialysis
patients of five European countries: association with morbidity and mortality in the
Dialysis Outcomes and Practice Patterns Study (DOPPS). Nephrol Dial Transplant,
19(1), 121-132, PMID: 14671047].
[8] Astor, B. C., Coresh, J., Heiss, G, Pettitt, D., & Sarnak, M. J. (2006). Kidney function
and anemia as risk factors for coronary heart disease and mortality: the Atherosclero‐
sis Risk in Communities (ARIC) Study. Am Heart J, S0002-8703(05)00358-3, [PMID:
16442920, 151(2), 492-500, [pii]10.1016/j.ahj.2005.03.055.
[9] Dhingra, R., Gaziano, J. M., & Djousse, L. (2011). Chronic kidney disease and the risk
of heart failure in men. Circ Heart Fail, 4(2), 138-144, PMID: 21216838 PMCID:
3059366, 10.1161/CIRCHEARTFAILURE.109.899070.
[10] Taddei, S., Nami, R., Bruno, R. M., Quatrini, I., & Nuti, R. (2011). Hypertension, left
ventricular hypertrophy and chronic kidney disease. Heart Fail Rev, 16(6), 615-620,
PMID: 21116711, s10741-010-9197-z.
[11] Vlagopoulos, P. T., Tighiouart, H., Weiner, D. E., Griffith, J., Pettitt, D., Salem, D. N.,
Levey, A. S., & Sarnak, M. J. (2005). Anemia as a risk factor for cardiovascular disease
and all-cause mortality in diabetes: the impact of chronic kidney disease. J Am Soc
Nephrol, 16(11), 3403-3410, PMID: 16162813, 10.1681/ASN.2005030226.
[12] Parfrey, P. (2001). Anaemia in chronic renal disease: lessons learned since Seville
1994. Nephrol Dial Transplant, 7(16), 41-45, PMID: 11590256].
Hemodialysis336
[13] Madore, F., Lowrie, E. G., Brugnara, C., Lew, N. L., Lazarus, J.M, Bridges, K., &
Owen, W. F. (1997). Anemia in hemodialysis patients: variables affecting this out‐
come predictor. J Am Soc Nephrol, PMID: 9402095, 8(12), 1921-1929.
[14] Astor, B. C., Muntner, P., Levin, A., Eustace, J. A., & Coresh, J. (2002). Association of
kidney function with anemia: the Third National Health and Nutrition Examination
Survey (1988-1994). Arch Intern Med, 162(12), 1401-1408, PMID: 12076240, ioi10526.
[15] Mc Clellan, W., Aronoff, S. L., Bolton, W. K., Hood, S., Lorber, D. L., Tang, K. L., Tse,
T. F., Wasserman, B., & Leiserowitz, M. (2004). The prevalence of anemia in patients
with chronic kidney disease. Curr Med Res Opin, 20(9), 1501-1510, PMID: 15383200,
X2763.
[16] KDOQI. (2006). Clinical Practice Guidelines and Clinical Practice Recommendations
for Anemia in Chronic Kidney Disease. Am J Kidney Dis, S0272-6386(06)00454-9, 47(5,
3), PMID: 16678659, S11-145, [pii] 10.1053/j.ajkd.2006.03.010.
[17] Locatelli, F., Aljama, P., Barany, P., Canaud, B., Carrera, F., Eckardt, K. U., Horl, W.
H., Macdougal, I. C., Macleod, A., Wiecek, A., & Cameron, S. (2004). Revised Europe‐
an best practice guidelines for the management of anaemia in patients with chronic
renal failure. Nephrol Dial Transplant, 19(2), 1-47, PMID: 15206425].
[18] New, J. P., Aung, T., Baker, P. G., Yongsheng, G., Pylypczuk, R., Houghton, J., Ru‐
denski, A., New, R. P., Hegarty, J., Gibson, J. M., O’Donoghue, D. J., & Buchan, I. E.
(2008). The high prevalence of unrecognized anaemia in patients with diabetes and
chronic kidney disease: a population-based study. Diabet Med, DME2424, 25(5),
564-569, PMID: 18445169 [pii]10.1111/j.1464-5491.2008.02424.x.
[19] Eckardt, K. U. (1994). Erythropoietin: oxygen-dependent control of erythropoiesis
and its failure in renal disease. Nephron, 67(1), 7-23, PMID: 8052371.
[20] Dowling, T. C. (2007). Prevalence, etiology, and consequences of anemia and clinical
and economic benefits of anemia correction in patients with chronic kidney disease:
an overview. Am J Health Syst Pharm, 64/13_Supplement_8/S3, 64(13, 8), 3-7, quiz
S23-25 [PMID: 17591994[pii]10.2146/ajhp070181.
[21] Pisoni, R. L., Bragg-Gresham, J. L., Young, E. W., Akizawa, T., Asano, Y., Locatelli, F.,
Bommer, J., Cruz, J. M., Kerr, P. G., Mendelssohn, D. C., Held, P. J., & Port, F. K.
(2004). Anemia management and outcomes from 12 countries in the Dialysis Out‐
comes and Practice Patterns Study (DOPPS). Am J Kidney Dis, 44(1), 94-111, PMID:
15211443, S0272638604005062.
[22] Agarwal, A. K. (2006 ). Practical approach to the diagnosis and treatment of anemia
associated with CKD in elderly. J Am Med Dir Assoc, S1525-8610(06)00458-0, S7-S12,
(9), quiz S17-21 [PMID: 17098634 [pii]10.1016/j.jamda.2006.09.005.
[23] Eschbach, J. W., Varma, A., & Stivelman, J. C. (2002). Is it time for a paradigm shift?
Is erythropoietin deficiency still the main cause of renal anaemia? Nephrol Dial Trans‐
plant, 5(17), 2-7, PMID: 12091599].
Management of Anemia on Hemodialysis
http://dx.doi.org/10.5772/ 52399
337
[24] Adamson, J. W, & Eschbach, J. W. (1998). Erythropoietin for end-stage renal disease.
N Engl J Med, 339(9), 625-627, PMID: 9718384, NEJM199808273390910.
[25] McCarthy, J. T. (1999). A practical approach to the management of patients with
chronic renal failure. Mayo Clin Proc, 74(3), 269-273, PMID: 10089997,
S0025-6196(11)63864-0, [pii]10.4065/74.3.269].
[26] Vigano, S. M., Filippo, S. D., Milia, V. L., Pontoriero, G., & Locatelli, F. (2012). Pro‐
spective randomized pilot study on the effects of two synthetic high-flux dialyzers
on dialysis patient anemia. Int J Artif Organs, 35(5), 346-351, PMID: 22684617, ijao.
5000101EF9F6237-7BE3-43EB-840A-53B42D6E016A.
[27] Ayli, D., Ayli, M., Azak, A., Yuksel, C., Kosmaz, G. P., Atilgan, G., Dede, F., Abayli,
E., & Camlibel, M. (2004). The effect of high-flux hemodialysis on renal anemia. J
Nephrol, 17(5), 701-706, PMID: 15593038].
[28] Locatelli, F., Del Vecchio, L., Pozzoni, P., & Andrulli, S. (2006). Dialysis adequacy and
response to erythropoiesis-stimulating agents: what is the evidence base? Semin
Nephrol, 26(4), 269-274, [PMID: 16949464 DOI:, S0270-9295(06)00068-4, [pii]10.1016/
j.semnephrol.2006.05.002].
[29] Locatelli, F., Manzoni, C., Del Vecchio, L., Di Filippo, S., Pontoriero, G., & Cavalli, A.
(2011). Management of anemia by convective treatments. Contrib Nephrol, 168,
162-172, PMID: 20938137, 10.1159/000321757.
[30] Ifudu, O., Feldman, J., & Friedman, E. A. (1996). The intensity of hemodialysis and
the response to erythropoietin in patients with end-stage renal disease. N Engl J Med,
334(7), 420-425, PMID: 8552143, NEJM199602153340702.
[31] Wang, A. Y, & Lai, K. N. (2006). The importance of residual renal function in dialysis
patients. Kidney Int, 69(10), 1726-1732, PMID: 16612329, 10.1038/sj.ki.5000382.
[32] Penne, E. L., van der Weerd, N. C., Grooteman, M. P., Mazairac, A. H., van den Dor‐
pel, M. A., Nube, M. J., Bots, M. L., Levesque, R., Ter Wee, P. M., & Blankestijn, P. J.
(2011). Role of residual renal function in phosphate control and anemia management
in chronic hemodialysis patients. Clin J Am Soc Nephrol CJN.04480510 PMID:
21030579 PMCID: 3052217 [pii]10.2215/CJN.04480510 , 6(2), 281-289.
[33] Onoyama, K., Sanai, T., Motomura, K., & Fujishima, M. (1989). Worsening of anemia
by angiotensin converting enzyme inhibitors and its prevention by antiestrogenic
steroid in chronic hemodialysis patients. J Cardiovasc Pharmacol, 13(3), 27-30, PMID:
2474097].
[34] Mohanram, A., Zhang, Z., Shahinfar, S., Lyle, P. A., & Toto, R. D. (2008). The effect of
losartan on hemoglobin concentration and renal outcome in diabetic nephropathy of
type 2 diabetes. Kidney Int, 73(5), 630-636, PMID: 18094675, 10.1038/sj.ki.5002746.
[35] Kamper, A. L., & Nielsen, O. J. (1990). Effect of enalapril on haemoglobin and serum
erythropoietin in patients with chronic nephropathy. Scand J Clin Lab Invest, 50(6),
611-618, PMID: 2247767, 10.3109/00365519009089178.
Hemodialysis338
[36] Hirakata, H., Onoyama, K., Iseki, K., Kumagai, H., Fujimi, S., & Omae, T. (1984).
Worsening of anemia induced by long-term use of captopril in hemodialysis pa‐
tients. Am J Nephrol, 4(6), 355-360, PMID: 6393769].
[37] Hirakata, H., Onoyama, K., Hori, K., & Fujishima, M. (1986). Participation of the re‐
nin-angiotensin system in the captopril-induced worsening of anemia in chronic he‐
modialysis patients. Clin Nephrol, 26(1), 27-32, PMID: 3524928].
[38] Mpio, I., Boumendjel, N., Karaaslan, H., Arkouche, W., Lenz, A., Cardozo, C., Cardo‐
zo, J., Pastural-Thaunat, M., Fouque, D., Silou, J., Attaf, D., & Laville, M. (2011). Sec‐
ondary hyperparathyroidism and anemia. Effects of a calcimimetic on the control of
anemia in chronic hemodialysed patients. Pilot Study. Nephrol Ther,
S1769-7255(11)00044-7, 7(4), 229-236, PMID: 21353659 [pii]10.1016/j.nephro.
2011.01.008.
[39] Oshiro, Y., Tanaka, H., & Okimoto, N. (2011). A patient undergoing chronic dialysis
whose renal anemia was successfully corrected by treatment with cinacalcet. Clin Exp
Nephrol, 15(4), 607-610, PMID: 21455660, s10157-011-0433-1.
[40] Battistella, M., Richardson, R. M., Bargman, J. M., & Chan, C. T. (2011). Improved
parathyroid hormone control by cinacalcet is associated with reduction in darbepoe‐
tin requirement in patients with end-stage renal disease. Clin Nephrol, 76(2), 99-103,
PMID: 21762640, 8739.
[41] Drueke, T. B., & Eckardt, K. U. (2002). Role of secondary hyperparathyroidism in er‐
ythropoietin resistance of chronic renal failure patients. Nephrol Dial Transplant, 5(17),
28-31, PMID: 12091604].
[42] Chow, T. L., Chan, T. T., Ho, Y. W., & Lam, S. H. (2007). Improvement of anemia af‐
ter parathyroidectomy in Chinese patients with renal failure undergoing long-term
dialysis. Arch Surg PMID: 17638802 142/7/644pii]10.1001/archsurg.142.7.644], 142(7),
644-648.
[43] Lin, C. L., Hung, C. C., Yang, C. T., & Huang, C. C. (2004). Improved anemia and re‐
duced erythropoietin need by medical or surgical intervention of secondary hyper‐
parathyroidism in hemodialysis patients. Ren Fail, 26(3), 289-295, PMID: 15354979].
[44] Lee, G.H, Benner, D, Regidor, D.L, & Kalantar-Zadeh, K. (2007). Impact of kidney
bone disease and its management on survival of patients on dialysis. J Ren Nutr
S1051-2276(06)00160-9[pii]10.1053/j.jrn.2006.07.006 PMID: 17198930 , 17(1), 38-44.
[45] Kalantar-Zadeh, K., Lee, G. H., Miller, J. E., Streja, E., Jing, J., Robertson, J. A., & Ko‐
vesdy, C. P. (2009). Predictors of hyporesponsiveness to erythropoiesis-stimulating
agents in hemodialysis patients. Am J Kidney Dis PMID: 19339087 PMCID: 2691452
S0272-6386(09)00403-X [pii]10.1053/j.ajkd.2008.12.040, 53(5), 823-834.
[46] De Francisco, A. L., & Pinera, C. (2011). Anemia trials in CKD and clinical practice:
refining the approach to erythropoiesis-stimulating agents. Contrib Nephrol PMID:
21625120 000327173pii]10.1159/000327173], 171, 248-254.
Management of Anemia on Hemodialysis
http://dx.doi.org/10.5772/ 52399
339
[47] Bellizzi, V., Minutolo, R., Terracciano, V., Iodice, C., Giannattasio, P., De Nicola, L.,
Conte, G., & Di Iorio, B. R. (2002). Influence of the cyclic variation of hydration status
on hemoglobin levels in hemodialysis patients. Am J Kidney Dis PMID: 12200807
S0272-6386(02)00080-X[pii]10.1053/ajkd.2002.34913 , 40(3), 549-555.
[48] Nissenson, A. R. (1992). Erythropoietin and peritoneal dialysis: the efficacy of intra‐
peritoneal dosing. Perit Dial Int, 12(4), 350-352, PMID: 1420491].
[49] David Barth, J. V. H. (2007). Anemia. In: Douglas C. Tkachuk JVH, editor Wintrobe’s At‐
las of Clinical Hematology. Philadelphia, USA: Lippincott Williams and Wilkins, 1-47.
[50] Locatelli, F., & Del Vecchio, L. (2003). Dialysis adequacy and response to erythro‐
poietic agents: what is the evidence base? Nephrol Dial Transplant, 18(8), 29-35, PMID:
14607998].
[51] Locatelli, F., Pozzoni, P., & Del Vecchio, L. (2005). Anemia and heart failure in chron‐
ic kidney disease. Semin Nephrol PMID: 16298261 S0270-9295(05)00103-8[pii]10.1016/
j.semnephrol.2005.05.008 , 25(6), 392-396.
[52] Cole, J., Ertoy, D., Lin, H., Sutliff, R. L., Ezan, E., Guyene, T. T., Capecchi, M., Corvol,
P., & Bernstein, K. E. (2000). Lack of angiotensin II-facilitated erythropoiesis causes
anemia in angiotensin-converting enzyme-deficient mice. J Clin Invest, 106(11),
1391-1398, PMID: 11104792 PMCID: 381466, JCI10557.
[53] Le Meur, Y., Lorgeot, V., Comte, L., Szelag, J. C., Aldigier, J. C., Leroux-Robert, C., &
Praloran, V. (2001). Plasma levels and metabolism of AcSDKP in patients with chron‐
ic renal failure: relationship with erythropoietin requirements. Am J Kidney Dis, 38(3),
510-517, PMID: 11532682, S0272638601352332.
[54] Clark, A. L. (2011). The origins of anaemia in patients with chronic heart failure. Br J
Cardiol, 18(2), 15.
[55] Winkelmayer, W. C., Kewalramani, R., Rutstein, M., Gabardi, S., Vonvisger, T., &
Chandraker, A. (2004). Pharmacoepidemiology of anemia in kidney transplant recip‐
ients. J Am Soc Nephrol, 15(5), 1347-1352, PMID: 15100376].
[56] Weatherall, D. J. (2003). Anaemia: pathophysiology, classification, and clinical fea‐
tures. In: David A. Warrell TMC, John D. Firth, Edward J. Benz, J R., editor Oxford Text‐
book of Medicine. 4th ed: OUP Oxford, 2916-2919.
[57] Macdougall, I. C., Lewis, N. P., Saunders, M. J., Cochlin, D. L., Davies, M. E., Hutton,
R. D., Fox, K. A., Coles, G. A., & Williams, J. D. (1990). Long-term cardiorespiratory
effects of amelioration of renal anaemia by erythropoietin. Lancet, 335(8688), 489-493,
PMID: 1968526, 0140-6736(90)90733-L.
[58] Parfrey, P.S., Foley, R.N., Wittreich, B. H., Sullivan, D. J., Zagari, M. J., & Frei, D.
(2005). Double-blind comparison of full and partial anemia correction in incident he‐
modialysis patients without symptomatic heart disease. J Am Soc Nephrol PMID:
15901766 ASN.2004121039[pii]10.1681/ASN.2004121039 , 16(7), 2180-2189.
Hemodialysis340
[59] Foley, R. N., Parfrey, P. S., Morgan, J., Barre, P. E., Campbell, P., Cartier, P., Coyle, D.,
Fine, A., Handa, P., Kingma, I., Lau, C. Y., Levin, A., Mendelssohn, D., Muirhead, N.,
Murphy, B., Plante, R. K., Posen, G., & Wells, G. A. (2000). Effect of hemoglobin lev‐
els in hemodialysis patients with asymptomatic cardiomyopathy. Kidney Int PMID:
10972697 kid289[pii]10.1046/j.1523-1755.2000.00289.x , 58(3), 1325-1335.
[60] Weisbord, S. D., & Kimmel, P. L. (2008). Health-related quality of life in the era of
erythropoietin. Hemodial Int PMID: 18271834 HDI233[pii]10.1111/j.
1542-4758.2008.00233.x , 12(1), 6-15.
[61] Kimmel, P. L., Cohen, S. D., & Weisbord, S. D. (2008). Quality of life in patients with
end-stage renal disease treated with hemodialysis: survival is not enough! J Nephrol
13 PMID: 18446733], 21, S54-S58.
[62] Levin, N. W. (1992). Quality of life and hematocrit level. Am J Kidney Dis, 20(1, 1),
16-20, [PMID: 1626552].
[63] Nissenson, A. R. (1989). Recombinant human erythropoietin: impact on brain and
cognitive function, exercise tolerance, sexual potency, and quality of life. Semin Neph‐
rol, 9(1, 2), 25-31, [PMID: 2669083].
[64] Auer, J., Oliver, D. O., & Winearls, C. G. (1990). The quality of life of dialysis patients
treated with recombinant human erythropoietin. Scand J Urol Nephrol Suppl, 131,
61-65, PMID: 2075472].
[65] Barany, P., Pettersson, E., & Bergstrom, J. (1990). Erythropoietin treatment improves
quality of life in hemodialysis patients. Scand J Urol Nephrol Suppl, 131, 55-60, PMID:
2075471].
[66] Barany, P., Pettersson, E., & Konarski-Svensson, J. K. (1993). Long-term effects on
quality of life in haemodialysis patients of correction of anaemia with erythropoietin.
Nephrol Dial Transplant, 8(5), 426-432, PMID: 8393547].
[67] Lankhorst, C. E., & Wish, J. B. (2010). Anemia in renal disease: diagnosis and man‐
agement. Blood Rev, S0268-960X(09)00054-X, 24(1), 39-47, PMID: 19833421
[pii]10.1016/j.blre.2009.09.001.
[68] Macdougall, I. C. (1994). Monitoring of iron status and iron supplementation in pa‐
tients treated with erythropoietin. Curr Opin Nephrol Hypertens PMID: 7881986],
3(6), 620-625.
[69] Conditions, R., Co, P. L. N. C., & Cf, C. (2006). Anaemia management in chronic kid‐
ney disease: national clinical guideline for management in adults and children.
[70] Funk, F., Ryle, P., Canclini, C., Neiser, S., & Geisser, P. (2010). The new generation of
intravenous iron: chemistry, pharmacology, and toxicology of ferric carboxymaltose.
Arzneimittelforschung, 60(6a), 345-353, PMID: 20648926, s-0031-1296299.
[71] Organization, W. H. (1998). Iron Deficiency Anemia: Assessment, Prevention and
Control. Report of a Joint WHO/UNICEF/UNU Consultation 1998.
Management of Anemia on Hemodialysis
http://dx.doi.org/10.5772/ 52399
341
[72] Jacobs, A., & Worwood, M. (1975). Ferritin in serum. Clinical and biochemical impli‐
cations. N Engl J Med, 292(18), 951-956, PMID: 1090831, NEJM197505012921805.
[73] Bainton, D. F., & Finch, C. A. (1964). The Diagnosis of Iron Deficiency Anemia. Am J
Med, 37, 62-70, PMID: 14181150].
[74] Eschbach, J. W., Egrie, J. C., Downing, M. R., Browne, J. K., & Adamson, J. W. (1987).
Correction of the anemia of end-stage renal disease with recombinant human eryth‐
ropoietin. Results of a combined phase I and II clinical trial. N Engl J Med, 316(2),
73-78, PMID: 3537801, NEJM198701083160203.
[75] Fishbane, S., & Lynn, R. I. (1995). The efficacy of iron dextran for the treatment of
iron deficiency in hemodialysis patients. Clin Nephrol, 44(4), 238-240, PMID: 8575123].
[76] Fishbane, S., & Maesaka, J. K. (1997). Iron management in end-stage renal disease.
Am J Kidney Dis, 29(3), 319-333, PMID: 9041207, S0272-6386(97)90192-X.
[77] Taylor, J. E., Peat, N., Porter, C., & Morgan, A. G. (1996). Regular low-dose intrave‐
nous iron therapy improves response to erythropoietin in haemodialysis patients.
Nephrol Dial Transplant, 11(6), 1079-1083, PMID: 8671972].
[78] Coyne, D. (2006). Challenging the boundaries of anemia management: a balanced ap‐
proach to i.v. iron and EPO therapy. Kidney Int Suppl [101], S 1-S3, PMID: 16830698].
[79] KDOQI (2007). Clinical Practice Guideline and Clinical Practice Recommendations
for anemia in chronic kidney disease: 2007 update of hemoglobin target. Am J Kid‐
ney Dis S0272-6386(07)00934-1 [pii]10.1053/j.ajkd.2007.06.008 PMID: 17720528 , 50(3),
471-530.
[80] Fishbane, S., Frei, G. L., & Maesaka, J. (1995). Reduction in recombinant human er‐
ythropoietin doses by the use of chronic intravenous iron supplementation. Am J Kid‐
ney Dis, 26(1), 41-46, PMID: 7611266, 0272-6386(95)90151-5.
[81] Grabe, D. W. (2007). Update on clinical practice recommendations and new thera‐
peutic modalities for treating anemia in patients with chronic kidney disease. Am J
Health Syst Pharm 8 64/13_Supplement_8/S8 quiz S23-15 [PMID: 17591995
[pii]10.2146/ajhp070182, 64(13), S8-14.
[82] Johnson, D. W., Herzig, K. A., Gissane, R., Campbell, S. B., Hawley, C. M., & Isbel, N.
M. (2001). A prospective crossover trial comparing intermittent intravenous and con‐
tinuous oral iron supplements in peritoneal dialysis patients. Nephrol Dial Transplant,
16(9), 1879-1884, PMID: 11522873.
[83] Ahsan, N. (1998). Intravenous infusion of total dose iron is superior to oral iron in
treatment of anemia in peritoneal dialysis patients: a single center comparative
study. J Am Soc Nephrol, 9(4), 664-668, PMID: 9555669].
[84] Kalantar-Zadeh, K., Streja, E., Miller, J. E., & Nissenson, A. R. (2009). Intravenous
iron versus erythropoiesis-stimulating agents: friends or foes in treating chronic kid‐
Hemodialysis342
ney disease anemia? Adv Chronic Kidney Dis [PMID: 19233073
S1548-5595(08)00215-2 [pii]10.1053/j.ackd.2008.12.008], 16(2), 143-151.
[85] Mircescu, G., Garneata, L., Capusa, C., & Ursea, N. (2006). Intravenous iron supple‐
mentation for the treatment of anaemia in pre-dialyzed chronic renal failure patients.
Nephrol Dial Transplant, 21(1), 120-124, PMID: 16144853, 10.1093/ndt/gfi087.
[86] Uehata, T., Tomosugi, N., Shoji, T., Sakaguchi, Y., Suzuki, A., Kaneko, T., Okada, N.,
Yamamoto, R., Nagasawa, Y., Kato, K., Isaka, Y., Rakugi, H., & Tsubakihara, Y.
(2012). Serum hepcidin-25 levels and anemia in non-dialysis chronic kidney disease
patients: a cross-sectional study. Nephrol Dial Transplant, 27(3), 1076-1083, PMID:
21799206, 10.1093/ndt/gfr431.
[87] Ganz, T., & Nemeth, E. (2012). Hepcidin and iron homeostasis. Biochim Biophys Acta
PMID: 22306005 S0167-4889(12)00016-X[pii]10.1016/j.bbamcr.2012.01.014
[88] Means, R. T. Jr. (2012). Hepcidin and Iron Regulation in Health and Disease. Am J
Med Sci, [PMID: 22627267, MAJ.0b013e318253caf1.
[89] Mastrogiannaki, M., Matak, P., Mathieu, J. R., Delga, S., Mayeux, P., Vaulont, S., &
Peyssonnaux, C. (2012). Hepatic hypoxia-inducible factor-2 down-regulates hepcidin
expression in mice through an erythropoietin-mediated increase in erythropoiesis.
Haematologica PMID: 22207682 PMCID: 3366646 haematol.2011.056119[pii]10.3324/
haematol.2011.056119 , 97(6), 827-834.
[90] Ganz, T. (2007). Molecular control of iron transport. J Am Soc Nephrol PMID:
17229910 ASN.2006070802 [pii]10.1681/ASN.2006070802], 18(2), 394-400.
[91] Verga Falzacappa, M. V., & Muckenthaler, M. U. (2005). Hepcidin: iron-hormone and
anti-microbial peptide. Gene PMID: 16203112 S0378-1119(05)00438-5[pii]10.1016/
j.gene.2005.07.020 , 364, 37-44.
[92] Martinez-Ruiz, A., Tornel-Osorio, P. L., Sanchez-Mas, J., Perez-Fornieles, J., Vilchez,
J. A., Martinez-Hernandez, P., & Pascual-Figal, D. A. (2012). Soluble TNFalpha recep‐
tor type I and hepcidin as determinants of development of anemia in the long-term
follow-up of heart failure patients. Clin Biochem [PMID: 22609894
S0009-9120(12)00244-5 [pii]10.1016/j.clinbiochem.2012.05.011]
[93] Maruyama, Y., Yokoyama, K., Yamamoto, H., Nakayama, M., & Hosoya, T. (2012).
Do serum hepcidin-25 levels correlate with oxidative stress in patients with chronic
kidney disease not receiving dialysis? Clin Nephrol, [PMID: 22541685, CN1074249647.
[94] Park, C. H., Valore, E. V., Waring, A. J., & Ganz, T. (2001). Hepcidin, a urinary anti‐
microbial peptide synthesized in the liver. J Biol Chem, 276(11), 7806-7810, PMID:
11113131, jbc.M008922200M008922200.
[95] Swinkels, D. W., Girelli, D., Laarakkers, C., Kroot, J., Campostrini, N., Kemna, E. H.,
& Tjalsma, H. (2008). Advances in quantitative hepcidin measurements by time-of-
flight mass spectrometry. PLoS One; [PMID: 18628991 PMCID: 2442656 journal.pone.
0002706 , 3(7), e2706.
Management of Anemia on Hemodialysis
http://dx.doi.org/10.5772/ 52399
343
[96] Nemeth, E., Valore, E. V., Territo, M., Schiller, G., Lichtenstein, A., & Ganz, T. (2003).
Hepcidin, a putative mediator of anemia of inflammation, is a type II acute-phase
protein. Blood, 101(7), 2461-2463, [PMID: 12433676, 10.1182/
blood-2002-10-32352002-10-3235.
[97] Nicolas, G., Chauvet, C., Viatte, L., Danan, J. L., Bigard, X., Devaux, I., Beaumont, C.,
Kahn, A., & Vaulont, S. (2002). The gene encoding the iron regulatory peptide hepci‐
din is regulated by anemia, hypoxia, and inflammation. J Clin Invest, 110(7),
1037-1044, PMID: 12370282 PMCID: 151151, JCI15686.
[98] Nemeth, E., Rivera, S., Gabayan, V., Keller, C., Taudorf, S., Pedersen, B. K., & Ganz,
T. (2004). IL-6 mediates hypoferremia of inflammation by inducing the synthesis of
the iron regulatory hormone hepcidin. J Clin Invest, 113(9), 1271-1276, PMID:
15124018 PMCID: 398432, JCI20945.
[99] Weiss, G., & Goodnough, L. T. (2005). Anemia of chronic disease. N Engl J Med,
352(10), 1011-1023, PMID: 15758012, 10.1056/NEJMra041809.
[100] Kato, A., Tsuji, T., Luo, J., Sakao, Y., Yasuda, H., & Hishida, A. (2008). Association of
prohepcidin and hepcidin-25 with erythropoietin response and ferritin in hemodialy‐
sis patients. Am J Nephrol, 28(1), 115-121, PMID: 17943020, 10.1159/000109968.
[101] Taes, Y. E., Wuyts, B., Boelaert, J. R., De Vriese, A. S., & Delanghe, J. R. (2004). Pro‐
hepcidin accumulates in renal insufficiency. Clin Chem Lab Med, 42(4), 387-389,
[PMID: 15147148, 10.1515/CCLM.2004.069.
[102] Mahdavi, M. R., Makhlough, A., Kosaryan, M., & Roshan, P. (2011). Credibility of the
measurement of serum ferritin and transferrin receptor as indicators of iron deficien‐
cy anemia in hemodialysis patients. Eur Rev Med Pharmacol Sci, 15(10), 1158-1162,
PMID: 22165676].
[103] Hudson, J. Q., & Comstock, T. J. (2001). Considerations for optimal iron use for ane‐
mia due to chronic kidney disease. Clin Ther, 23(10), 1637-1671, [PMID: 11726002
DOI:, S0149-2918(01)80135-1.
[104] Spiegel, D. M., & Chertow, G. M. (2009). Lost without directions: lessons from the
anemia debate and the drive study. Clin J Am Soc Nephrol [PMID: 19357246 10.2215/
CJN.00270109], 4(5), 1009-1010.
[105] Coyne, D. W. (2010). It’s time to compare anemia management strategies in hemo‐
dialysis. Clin J Am Soc Nephrol, 5(4), 740-742, [PMID: 20299363, 10.2215/CJN.02490409.
[106] Aronoff, G. R., Bennett, W. M., Blumenthal, S., Charytan, C., Pennell, J. P., Reed, J.,
Rothstein, M., Strom, J., Wolfe, A., Van Wyck, D., & Yee, J. (2004). Iron sucrose in he‐
modialysis patients: safety of replacement and maintenance regimens. Kidney Int,
66(3), 1193-1198, [PMID: 15327417, 10.1111/j.1523-1755.2004.00872.xKID872.
[107] Atalay, H., Solak, Y., Acar, K., Govec, N., & Turk, S. (2011). Safety profiles of total
dose infusion of low-molecular-weight iron dextran and high-dose iron sucrose in re‐
Hemodialysis344
nal patients. Hemodial Int, 15(3), 374-378, [PMID: 21564503, 10.1111/j.
1542-4758.2011.00550.x.
[108] Coppol, E., Shelly, J., Cheng, S., Kaakeh, Y., & Shepler, B. (2011). A Comparative
Look at the Safety Profiles of Intravenous Iron Products Used in the Hemodialysis
Population (February). Ann Pharmacother, [PMID: 21304025, 10.1345/aph.1P466.
[109] Kes, P., Basic-Jukici, N., & Juric, I. (2009). How do we need to maintain the iron status
in dialyzed patients treated with erythropoesis stimulating agents. Acta Med Croatica,
63(1), 54-61, PMID: 20232552].
[110] Siga, E., Aiziczon, D., & Diaz, G. (2011). Optimizing iron therapy in hemodialysis: a
prospective long term clinical study. Medicina (B Aires), 71(1), 9-14, PMID: 21296714].
[111] Covic, A., & Mircescu, G. (2010). The safety and efficacy of intravenous ferric carbox‐
ymaltose in anaemic patients undergoing haemodialysis: a multi-centre, open-label,
clinical study. Nephrol Dial Transplant, 25(8), 2722-2730, PMID: 20190247 PMCID:
2905444, 10.1093/ndt/gfq069.
[112] Michael, B., Coyne, D. W., Fishbane, S., Folkert, V., Lynn, R., Nissenson, A. R., Agar‐
wal, R., Eschbach, J. W., Fadem, S. Z., Trout, J. R., Strobos, J., & Warnock, D. G.
(2002). Sodium ferric gluconate complex in hemodialysis patients: adverse reactions
compared to placebo and iron dextran. Kidney Int, 61(5), 830-839, [PMID: 11967034,
10.1046/j.1523-1755.2002.00314.x.
[113] Fishbane, S. (2003). Safety in iron management. Am J Kidney Dis, 41(5), 18-26, PMID:
12776310, S0272638603003731.
[114] Bregman, D. (2009). Important Drug Warning for Dexferrum® (iron dextran injec‐
tion, USP). Shirley New York.
[115] Bailie, G. R., Clark, J. A., Lane, C. E., & Lane, P. L. (2005). Hypersensitivity reactions
and deaths associated with intravenous iron preparations. Nephrol Dial Transplant,
20(7), 1443-1449, [PMID: 15855210, 10.1093/ndt/gfh820.
[116] Locatelli, F., & Del Vecchio, L. (2011). New erythropoiesis-stimulating agents and
new iron formulations. Contrib Nephrol, 171, 255-260, PMID: 21625121,
10.1159/000327328.
[117] Geisser, P., Baer, M., & Schaub, E. (1992). Structure/histotoxicity relationship of pa‐
renteral iron preparations. Arzneimittelforschung, 42(12), 1439-1452, PMID: 1288508].
[118] Qunibi, W.Y. (2010). The efficacy and safety of current intravenous iron preparations
for the management of iron-deficiency anaemia: a review. Arzneimittelforschung,
60(6a), 399-412, PMID: 20648931, s-0031-1296304.
[119] Bailie, G.R. (2010). Efficacy and safety of ferric carboxymaltose in correcting iron-de‐
ficiency anemia: a review of randomized controlled trials across different indications.
Arzneimittelforschung, 60(6a), 386-398, PMID: 20648930, s-0031-1296303.
Management of Anemia on Hemodialysis
http://dx.doi.org/10.5772/ 52399
345
[120] Lyseng-Williamson, K. A., & Keating, G. M. (2009). Ferric carboxymaltose: a review
of its use in iron-deficiency anaemia. Drugs, 69(6), 739-756, [PMID: 19405553,
10.2165/00003495-200969060-000077.
[121] Fragoulakis, V., Kourlaba, G., Goumenos, D., Konstantoulakis, M., & Maniadakis, N.
(2012). Economic evaluation of intravenous iron treatments in the management of
anemia patients in Greece. Clinicoecon Outcomes Res, 4, 127-134, [PMID: 22629113
PMCID: 3358814, 10.2147/CEOR.S30514ceor-4-127.
[122] Gutzwiller, F. S., Schwenkglenks, M., Blank, P. R., Braunhofer, P. G., Mori, C., Szucs,
T. D., Ponikowski, P., & Anker, S. D. (2012). Health economic assessment of ferric
carboxymaltose in patients with iron deficiency and chronic heart failure based on
the FAIR-HF trial: an analysis for the UK. Eur J Heart Fail, 14(7), 782-790, PMID:
22689292 PMCID: 3380546, 10.1093/eurjhf/hfs083.
[123] Gentile, M. G., Manna, G. M., D’Amico, G., Testolin, G., Porrini, M., & Simonetti, P.
(1988). Vitamin nutrition in patients with chronic renal failure and dietary manipula‐
tion. Contrib Nephrol PMID: 3168460], 65, 43-50.
[124] Pietrzak, I. (1995). Vitamin disturbances in chronic renal insufficiency. I. Water solu‐
ble vitamins. Przegl Lek, 52(10), 522-525, PMID: 8834846].
[125] Stein, G., Sperschneider, H., & Koppe, S. (1985). Vitamin levels in chronic renal fail‐
ure and need for supplementation. Blood Purif, 3(1-3), 52-62, [PMID: 4096835].
[126] Deved, V., Poyah, P., James, M. T., Tonelli, M., Manns, B. J., Walsh, M., & Hemmel‐
garn, B. R. (2009). Ascorbic acid for anemia management in hemodialysis patients: a
systematic review and meta-analysis. Am J Kidney Dis, 54(6), 1089-1097, [PMID:
19783342, S0272-6386(09)00988-3, [pii]10.1053/j.ajkd.2009.06.040].
[127] Emami, Naini. A., Moradi, M., Mortazavi, M., Amini, Harandi. A., Hadizadeh, M.,
Shirani, F., Basir, Ghafoori. H., & Emami, Naini. P. (2012). Effects of Oral L-Carnitine
Supplementation on Lipid Profile, Anemia, and Quality of Life in Chronic Renal Dis‐
ease Patients under Hemodialysis: A Randomized, Double-Blinded, Placebo-Control‐
led Trial. J Nutr Metab; [PMID: 22720143 PMCID: 3374945 10.1155/2012/510483] ,
510483.
[128] Dimkovic, N. (2001). Erythropoietin-beta in the treatment of anemia in patients with
chronic renal insufficiency. Med Pregl, 54(5-6), 235-240, [PMID: 11759218].
[129] Mydlik, M., & Derzsiova, K. (1999). Vitamin levels in the serum and erythrocytes
during erythropoietin therapy in hemodialyzed patients. Bratisl Lek Listy, 100(8),
426-431, PMID: 10645030].
[130] Jelkmann, W. (2004). Molecular biology of erythropoietin. Intern Med, 43(8), 649-659,
PMID: 15468961].
[131] Mikhail, A., Covic, A., & Goldsmith, D. (2008). Stimulating erythropoiesis: future
perspectives. Kidney Blood Press Res, 31(4), 234-246, PMID: 18587242,
10.1159/000141928.
Hemodialysis346
[132] Cody, J., Daly, C., Campbell, M., Donaldson, C., Grant, A., Khan, I., Vale, L., Wallace,
S., & Mac, Leod. A. (2002). Frequency of administration of recombinant human eryth‐
ropoietin for anaemia of end-stage renal disease in dialysis patients. Cochrane Data‐
base Syst Rev [4], [PMID: 12519614, CD003895.
[133] Berns, J. S. (2005). Should the target hemoglobin for patients with chronic kidney dis‐
ease treated with erythropoietic replacement therapy be changed? Semin Dial, 18(1),
22-29, [PMID: 15663760, 10.1111/j.1525-139X.2005.18105.x.
[134] Mohini, R. (1989). Clinical efficacy of recombinant human erythropoietin in hemo‐
dialysis patients. Semin Nephrol, 9(1, 1), 16-21, [PMID: 2648516].
[135] Carrera, F., Lok, C. E., de Francisco, A., Locatelli, F., Mann, J. F., Canaud, B., Kerr, P.
G., Macdougall, I. C., Besarab, A., Villa, G., Kazes, I., Van Vlem, B., Jolly, S., Beyer,
U., & Dougherty, F. C. (2010). Maintenance treatment of renal anaemia in haemodial‐
ysis patients with methoxy polyethylene glycol-epoetin beta versus darbepoetin alfa
administered monthly: a randomized comparative trial. Nephrol Dial Transplant,
25(12), 4009-4017, PMID: 20522670 PMCID: 2989790, 10.1093/ndt/gfq305.
[136] Goldsmith, D. (2009). a requiem for rHuEPOs--but should we nail down the coffin in
2010? Clin J Am Soc Nephrol 2010, 5(5), 929-935, [PMID: 20413441, 10.2215/CJN.
09131209.
[137] Zakar, G. (2007). Current issues in erythropoietin therapy of renal anemia. Lege Artis
Med, 17(10), 667-673, PMID: 19227596].
[138] Patel, T., Hirter, A., Kaufman, J., Keithi-Reddy, S. R., Reda, D., & Singh, A. (2009).
Route of epoetin administration influences hemoglobin variability in hemodialysis
patients. Am J Nephrol, 29(6), 532-537, PMID: 19088467 PMCID: 2818471,
10.1159/000187649.
[139] Besarab, A. (1993). Optimizing epoetin therapy in end-stage renal disease: the case
for subcutaneous administration. Am J Kidney Dis, 22(2, 1), 13-22, [PMID: 8352267,
S0272638693001751.
[140] Pizzarelli, F., David, S., Sala, P., Icardi, A., & Casani, A. (2006). Iron-replete hemodial‐
ysis patients do not require higher EPO dosages when converting from subcutaneous
to intravenous administration: results of the Italian Study on Erythropoietin Convert‐
ing (ISEC). Am J Kidney Dis, 47(6), 1027-1035, [PMID: 16731298,
S0272-6386(06)00380-5, [pii]10.1053/j.ajkd.2006.02.176].
[141] Lopez-Gomez, J. M., Portoles, J. M., & Aljama, P. (2008). Factors that condition the
response to erythropoietin in patients on hemodialysis and their relation to mortali‐
ty. Kidney Int, (111), S75-81, [PMID: 19034333, 10.1038/ki.2008.523.
[142] de Lurdes, Agostinho., Cabrita, A., Pinho, A., Malho, A., Morgado, E., Faisca, M.,
Carrasqueira, H., Silva, A. P., & Neves, P. L. (2011). Risk factors for high erythropoie‐
sis stimulating agent resistance index in pre-dialysis chronic kidney disease patients,
stages 4 and 5. Int Urol Nephrol, 43(3), 835-840, PMID: 20640598, s11255-010-9805-9.
Management of Anemia on Hemodialysis
http://dx.doi.org/10.5772/ 52399
347
[143] Bamgbola, O. F., Kaskel, F. J., & Coco, M. (2009). Analyses of age, gender and other
risk factors of erythropoietin resistance in pediatric and adult dialysis cohorts. Pediatr
Nephrol, 24(3), 571-579, PMID: 18800231, s00467-008-0954-3.
[144] Tonelli, M., Blake, P. G., & Muirhead, N. (2001). Predictors of erythropoietin respon‐
siveness in chronic hemodialysis patients. ASAIO J, 47(1), 82-85, PMID: 11199321].
[145] Greenwood, R. N., Ronco, C., Gastaldon, F., Brendolan, A., Homel, P., Usvyat, L.,
Bruno, L., Carter, M., & Levin, N. W. (2003). Erythropoeitin dose variation in differ‐
ent facilities in different countries and its relationship to drug resistance. Kidney Int
Suppl [87], S78-86, PMID: 14531778].
[146] Jungers, P. Y., Robino, C., Choukroun, G., Nguyen-Khoa, T., Massy, Z. A., & Jungers,
P. (2002). Incidence of anaemia, and use of epoetin therapy in pre-dialysis patients: a
prospective study in 403 patients. Nephrol Dial Transplant, 17(9), 1621-1627, PMID:
12198213].
[147] Excerpts from United States Renal Data System. (1999). Annual Data Report. Am J
Kidney Dis, 34(2, 1), S1-176, PMID: 10447494].
[148] Frankenfield, D. L, & Johnson, C. A. (2002). Current management of anemia in adult
hemodialysis patients with end-stage renal disease. Am J Health Syst Pharm, 59(5),
429-435, PMID: 11887409].
[149] Valderrabano, F., Horl, W. H., Macdougall, I. C., Rossert, J., Rutkowski, B., & Waut‐
ers, J. P. (2003). PRE-dialysis survey on anaemia management. Nephrol Dial Trans‐
plant, 18(1), 89-100, PMID: 12480965].
[150] Nissenson, A. R., Swan, S. K., Lindberg, J. S., Soroka, S. D., Beatey, R., Wang, C., Pic‐
arello, N., Mc Dermott-Vitak, A., & Maroni, B. J. (2002). Randomized, controlled trial
of darbepoetin alfa for the treatment of anemia in hemodialysis patients. Am J Kidney
Dis, 40(1), 110-118, [PMID: 12087568, S0272-6386(02)00014-8, [pii]10.1053/ajkd.
2002.33919].
[151] Miller, C. B., Jones, R. J., Piantadosi, S., Abeloff, M. D., & Spivak, J. L. (1990). De‐
creased erythropoietin response in patients with the anemia of cancer. N Engl J Med,
322(24), 1689-1692, PMID: 2342534, NEJM199006143222401.
[152] Duong, U., Kalantar-Zadeh, K., Molnar, M. Z., Zaritsky, J. J., Teitelbaum, I., Kovesdy,
C. P., & Mehrotra, R. (2012). Mortality associated with dose response of erythropoie‐
sis-stimulating agents in hemodialysis versus peritoneal dialysis patients. Am J Neph‐
rol, 35(2), 198-208, PMID: 22286821 PMCID: 3326284, 10.1159/000335685.
[153] Bradbury, B. D., Danese, M. D., Gleeson, M., & Critchlow, C. W. (2009). Effect of
Epoetin alfa dose changes on hemoglobin and mortality in hemodialysis patients
with hemoglobin levels persistently below 11 g/dL. Clin J Am Soc Nephrol, 4(3),
630-637, [PMID: 19261826 PMCID: 2653654, 10.2215/CJN.03580708.
Hemodialysis348
[154] Weinhandl, E. D, Gilbertson, D. T, & Collins, A. J. (2011). Association of mean weekly
epoetin alfa dose with mortality risk in a retrospective cohort study of Medicare he‐
modialysis patients. Am J Nephrol, 34(4), 298-308, PMID: 21829009, 10.1159/000330693.
[155] Agarwal, R., Davis, J. L., & Smith, L. (2008). Serum albumin is strongly associated
with erythropoietin sensitivity in hemodialysis patients. Clin J Am Soc Nephrol
[PMID: 18045859 PMCID: 2390989 10.2215/CJN.03330807], 3(1), 98-104.
[156] Hung, S. C., Tung, T. Y., Yang, C. S., & Tarng, D. C. (2005). High-calorie supplemen‐
tation increases serum leptin levels and improves response to rHuEPO in long-term
hemodialysis patients. Am J Kidney Dis, 45(6), 1073-1083, PMID: 15957137,
S0272638605002921.
[157] Axelsson, J., Qureshi, A. R., Heimburger, O., Lindholm, B., Stenvinkel, P., & Barany,
P. (2005). Body fat mass and serum leptin levels influence epoetin sensitivity in pa‐
tients with ESRD. Am J Kidney Dis [PMID: 16183417 S0272-6386(05)00793-6
[pii]10.1053/j.ajkd.2005.06.004] , 46(4), 628-634.
[158] Chang, C. C., Chiu, P. F., Chen, H. L., Chang, T. L., Chang, Y. J., & Huang, C. H.
(2012). Simvastatin downregulates the expression of hepcidin and erythropoietin in
HepG2 cells. Hemodial Int, [PMID: 22716163, 10.1111/j.1542-4758.2012.00716.x.
[159] Park, S. J., & Shin, J. I. (2012). The beneficial effect of statins on renal anemia in hemo‐
dialysis patients: another point of view. Hemodial Int, 16(2), 322-323, [PMID:
22100011, 10.1111/j.1542-4758.2011.00631.x.
[160] Liu, W. S., Wu, Y. L., Li, S. Y., Yang, W. C., Chen, T. W., & Lin, C. C. (2012). The
waveform fluctuation and the clinical factors of the initial and sustained erythro‐
poietic response to continuous erythropoietin receptor activator in hemodialysis pa‐
tients. Scientific World Journal, 157437, [PMID: 22619601 PMCID: 3349104,
10.1100/2012/157437.
[161] Kes, P., & Basic-Jukic, N. (2009). Erythropoesis-stimulating agents: past, present and
future. Acta Med Croatica, 63(1), 3-6, PMID: 20235351].
[162] Jungers, P., Choukroun, G., Oualim, Z., Robino, C., Nguyen, A. T., & Man, N. K.
(2001). Beneficial influence of recombinant human erythropoietin therapy on the rate
of progression of chronic renal failure in predialysis patients. Nephrol Dial Transplant,
16(2), 307-312, PMID: 11158405].
[163] Iseki, K., & Kohagura, K. (2007). Anemia as a risk factor for chronic kidney disease.
Kidney Int Suppl [107], S4-9, PMID: 17943141, 10.1038/sj.ki.5002481.
[164] Besarab, A., Bolton, W. K., Browne, J. K., Egrie, J. C., Nissenson, A. R., Okamoto, D.
M., Schwab, S. J., & Goodkin, D. A. (1998). The effects of normal as compared with
low hematocrit values in patients with cardiac disease who are receiving hemodialy‐
sis and epoetin. N Engl J Med, 339(9), 584-590, PMID: 9718377,
NEJM199808273390903.
Management of Anemia on Hemodialysis
http://dx.doi.org/10.5772/ 52399
349
[165] Drueke, T. B., Locatelli, F., Clyne, N., Eckardt, K. U., Macdougall, I. C., Tsakiris, D.,
Burger, H. U., & Scherhag, A. (2006). Normalization of hemoglobin level in patients
with chronic kidney disease and anemia. N Engl J Med, 355(20), 2071-2084, [PMID:
17108342 DOI: 355/20/2071 [pii], 10.1056/NEJMoa062276.
[166] Pfeffer, M. A., Burdmann, E. A., Chen, C. Y., Cooper, M. E., de Zeeuw, D., Eckardt, K.
U., Feyzi, J. M., Ivanovich, P., Kewalramani, R., Levey, A. S., Lewis, E. F., Mc Gill, J.
B., Mc Murray, J. J., Parfrey, P., Parving, H. H., Remuzzi, G., Singh, A. K., Solomon,
S. D., & Toto, R. (2009). A trial of darbepoetin alfa in type 2 diabetes and chronic kid‐
ney disease. N Engl J Med [PMID: 19880844 10.1056/NEJMoa0907845], 361(21),
2019-2032.
[167] Singh, A. K., Szczech, L., Tang, K. L., Barnhart, H., Sapp, S., Wolfson, M., & Reddan,
D. (2006). Correction of anemia with epoetin alfa in chronic kidney disease. N Engl J
Med, 355(20), 2085-2098, [PMID: 17108343, 355/20/2085, [pii]10.1056/NEJMoa065485].
[168] Kiss, Z., Ambrus, C., Almasi, C., Berta, K., Deak, G., Horonyi, P., Kiss, I., Lakatos, P.,
Marton, A., Molnar, M. Z., Nemeth, Z., Szabo, A., & Mucsi, I. (2011). Serum 25(OH)-
cholecalciferol concentration is associated with hemoglobin level and erythropoietin
resistance in patients on maintenance hemodialysis. Nephron Clin Pract, 117(4),
c373-378, PMID: 21071961, 10.1159/000321521.
[169] Waterschoot, M. (2007). Evaluation of response to various erythropoiesis--stimulat‐
ing proteins using anemia management software. J Ren Care PMID: 17702511], 33(2),
78-82.
[170] Dunn, C. J, & Wagstaff, A. J. (1995). Epoetin alfa. A review of its clinical efficacy in
the management of anaemia associated with renal failure and chronic disease and its
use in surgical patients. Drugs Aging, 7(2), 131-156, PMID: 7579784].
[171] Pergola, P. E., Gartenberg, G., Fu, M., Wolfson, M., Rao, S., & Bowers, P. (2009). A
randomized controlled study of weekly and biweekly dosing of epoetin alfa in CKD
Patients with anemia. Clin J Am Soc Nephrol, 4(11), 1731-1740, [PMID: 19808215
PMCID: 2774960, 10.2215/CJN.03470509.
[172] Lee, Y. K., Kim, S. G., Seo, J. W., Oh, J. E., Yoon, J. W., Koo, J. R., Kim, H. J., & Noh, J.
W. (2008). A comparison between once-weekly and twice- or thrice-weekly subcuta‐
neous injection of epoetin alfa: results from a randomized controlled multicentre
study. Nephrol Dial Transplant, 23(10), 3240-3246, PMID: 18469158, 10.1093/ndt/
gfn255.
[173] Barre, P., Reichel, H., Suranyi, M. G., & Barth, C. (2004). Efficacy of once-weekly
epoetin alfa. Clin Nephrol, 62(6), 440-448, PMID: 15630903].
[174] Dunn, C. J., & Markham, A. (1996). Epoetin beta. A review of its pharmacological
properties and clinical use in the management of anaemia associated with chronic re‐
nal failure. Drugs, 51(2), 299-318, PMID: 8808169].
Hemodialysis350
[175] Macdougall, I. C. (2002). Optimizing the use of erythropoietic agents-- pharmacoki‐
netic and pharmacodynamic considerations. Nephrol Dial Transplant, 17(5), 66-70,
PMID: 12091611].
[176] Macdougall, I. C., Padhi, D., & Jang, G. (2007). Pharmacology of darbepoetin alfa.
Nephrol Dial Transplant 4 iv9 [PMID: 17526547 suppl_4/iv2 [pii]10.1093/ndt/
gfm160] , 22, 2.
[177] Martinez Castelao, A., Reyes, A., Valdes, F., Otero, A., Lopez de Novales, E., Pallar‐
do, L., Tabernero, J. M., Hernandez, Jaras. J., & Llados, F. (2003). Multicenter study of
darbepoetin alfa in the treatment of anemia secondary to chronic renal insufficiency
on dialysis. Nefrologia, 23(2), 114-124, PMID: 12778875].
[178] Ibbotson, T., & Goa, K. L. (2001). Darbepoetin alfa. Drugs, 61(14), 2097-2104, discus‐
sion 2105-2096 [PMID: 11735636, 611407.
[179] Kessler, M., Hannedouche, T., Fitte, H., Cayotte, J. L., Urena, P., & Reglier, J. C.
(2006). Darbepoetin-alfa treatment of anemia secondary to chronic renal failure in di‐
alysis patients: Results of a French multicenter study. Nephrol Ther [PMID: 16966064
S1769-7255(06)00090-3 [pii]10.1016/j.nephro.2006.06.004] , 2(4), 191-199.
[180] Hudson, J. Q., & Sameri, R. M. (2002). Darbepoetin alfa, a new therapy for the man‐
agement of anemia of chronic kidney disease. Pharmacotherapy, 22(9pt2), 141S-149S,
[PMID: 12222584].
[181] Cases, A. (2003). Darbepoetin alfa: a novel erythropoiesis-stimulating protein. Drugs
Today (Barc), 39(7), 477-495, PMID: 12973399, 799441.
[182] Locatelli, F., Canaud, B., Giacardy, F., Martin-Malo, A., Baker, N., & Wilson, J. (2003).
Treatment of anaemia in dialysis patients with unit dosing of darbepoetin alfa at a
reduced dose frequency relative to recombinant human erythropoietin (rHuEpo).
Nephrol Dial Transplant, 18(2), 362-369, PMID: 12543893].
[183] Macdougall, I. C. (2002). Darbepoetin alfa: a new therapeutic agent for renal anemia.
Kidney Int Suppl [80], 55-61, [PMID: 11982814, kid011.
[184] Macdougall, I. C., Matcham, J., & Gray, S. J. (2003). Correction of anaemia with dar‐
bepoetin alfa in patients with chronic kidney disease receiving dialysis. Nephrol Dial
Transplant, 18(3), 576-581, PMID: 12584282].
[185] Macdougall, I. C., Robson, R., Opatrna, S., Liogier, X., Pannier, A., Jordan, P., Dough‐
erty, F. C., & Reigner, B. (2006). Pharmacokinetics and pharmacodynamics of intrave‐
nous and subcutaneous continuous erythropoietin receptor activator (C.E.R.A.) in
patients with chronic kidney disease. Clin J Am Soc Nephrol, 1(6), 1211-1215, [PMID:
17699350, 10.2215/CJN.00730306.
[186] Macdougall, I. C., & Eckardt, K. U. (2006). Novel strategies for stimulating erythro‐
poiesis and potential new treatments for anaemia. Lancet, 368(9539), 947-953, PMID:
16962885, 10.1016/S0140-6736(06)69120-4.
Management of Anemia on Hemodialysis
http://dx.doi.org/10.5772/ 52399
351
[187] Ohashi, N., Sakao, Y., Yasuda, H., Kato, A., & Fujigaki, Y. (2012). Methoxy polyethy‐
lene glycol-epoetin beta for anemia with chronic kidney disease. Int J Nephrol Reno‐
vasc Dis, 5, 53-60, [PMID: 22536082 PMCID: 3333806, 10.2147/
IJNRD.S23447ijnrd-5-053.
[188] Micera, Roche. (2012). ®solution for injection in pre-filled syringe [summary of prod‐
uct characteristics. Welwyn Garden City.
[189] Weinreich, T., Leistikow, F., Hartmann, H. G., Vollgraf, G., & Dellanna, F. (2012).
Monthly continuous erythropoietin receptor activator treatment maintains stable he‐
moglobin levels in routine clinical management of hemodialysis patients. Hemodial
Int, 16(1), 11-19, [PMID: 22098689, 10.1111/j.1542-4758.2011.00608.x.
[190] Leypoldt, J. K., Loghman-Adham, M., Jordan, P., & Reigner, B. (2012). Effect of he‐
modialysis and hemofiltration on plasma C.E.R.A. concentrations. Hemodial Int, 16(1),
20-30, [PMID: 22098670, 10.1111/j.1542-4758.2011.00634.x.
[191] Graul, A. I. (2012). Peginesatide for the treatment of anemia in the nephrology set‐
ting. Drugs Today (Barc), 48(6), 395-403, [PMID: 22745925, 10.1358/dot.
2012.48.6.1825620.
[192] Neumann, M. E. (2012). FDA approval of Omontys changes the ESA playing field.
Nephrol News [26], PMID: 22690453].
[193] Green, J. M., Leu, K., Worth, A., Mortensen, R. B., Martinez, D. K., Schatz, P. J., Woj‐
chowski, D. M., & Young, P. R. (2012). Peginesatide and erythropoietin stimulate
similar erythropoietin receptor-mediated signal transduction and gene induction
events. Exp Hematol [PMID: 22406924 S0301-472X(12)00087-2 [pii]10.1016/j.exphem.
2012.02.007] , 40(7), 575-587.
[194] Mikhail, A. (2012). Profile of peginesatide and its potential for the treatment of ane‐
mia in adults with chronic kidney disease who are on dialysis. J Blood Med, 3, 25-31,
[PMID: 22719216 PMCID: 3377433, 10.2147/JBM.S23270jbm-3-025.
[195] Macdougall, I. C., Wiecek, A., Tucker, B., Yaqoob, M., Mikhail, A., Nowicki, M., Mac,
Phee. I., Mysliwiec, M., Smolenski, O., Sulowicz, W., Mayo, M., Francisco, C., Polu,
K. R., Schatz, P. J., & Duliege, A. M. (2011). Dose-finding study of peginesatide for
anemia correction in chronic kidney disease patients. Clin J Am Soc Nephrol, 6(11),
2579-2586, [PMID: 21940838 PMCID: 3359570, 10.2215/CJN.10831210.
[196] Doss, S., & Schiller, B. (2010). Peginesatide: a potential erythropoiesis stimulating
agent for the treatment of anemia of chronic renal failure. Nephrol Nurs J, 37(6),
617-626, PMID: 21290916].
[197] Wizemann, V., Rutkowski, B., Baldamus, C., Scigalla, P., & Koytchev, R. (2008). Com‐
parison of the therapeutic effects of epoetin zeta to epoetin alfa in the maintenance
phase of renal anaemia treatment. Curr Med Res Opin, 24(3), 625-637, PMID:
18208642, X273264.
Hemodialysis352
[198] Krivoshiev, S., Wizemann, V., Czekalski, S., Schiller, A., Pljesa, S., Wolf-Pflugmann,
M., Siebert-Weigel, M., Koytchev, R., & Bronn, A. (2010). Therapeutic equivalence of
epoetin zeta and alfa, administered subcutaneously, for maintenance treatment of re‐
nal anemia. Adv Ther, 27(2), 105-117, PMID: 20369312, s12325-010-0012-y.
[199] Krivoshiev, S., Todorov, V. V., Manitius, J., Czekalski, S., Scigalla, P., & Koytchev, R.
(2008). Comparison of the therapeutic effects of epoetin zeta and epoetin alpha in the
correction of renal anaemia. Curr Med Res Opin, 24(5), 1407-1415, PMID: 18394266,
10.1185/030079908X297402.
[200] Baldamus, C., Krivoshiev, S., Wolf-Pflugmann, M., Siebert-Weigel, M., Koytchev, R.,
& Bronn, A. (2008). Long-term safety and tolerability of epoetin zeta, administered
intravenously, for maintenance treatment of renal anemia. Adv Ther, 25(11),
1215-1228, PMID: 18931828, s12325-008-0111-1.
[201] Lonnemann, G., & Wrenger, E. (2011). Biosimilar epoetin zeta in nephrology- a sin‐
gle-dialysis center experience. Clin Nephrol, 75(1), 59-62, PMID: 21176751, 8251.
[202] Gertz, B., Kes, P., Essaian, A., Bias, P., Buchner, A., & Zellner, D. (2012). Epoetin the‐
ta: efficacy and safety of subcutaneous administration in anemic pre-dialysis patients
in the maintenance phase in comparison to epoetin beta. Curr Med Res Opin, 28(7),
1101-1110, [PMID: 22533679, 10.1185/03007995.2012.688736.
[203] Sikole, A., Spasovski, G., Zafirov, D., & Polenakovic, M. (2002). Epoetin omega for
treatment of anemia in maintenance hemodialysis patients. Clin Nephrol, 57(3),
237-245, PMID: 11924756].
[204] Bren, A., Kandus, A., Varl, J., Buturovic, J., Ponikvar, R., Kveder, R., Primozic, S., &
Ivanovich, P. (2002). A comparison between epoetin omega and epoetin alfa in the
correction of anemia in hemodialysis patients: a prospective, controlled crossover
study. Artif Organs, 26(2), 91-97, PMID: 11879235].
[205] Haag-Weber, M., Vetter, A., & Thyroff-Friesinger, U. (2009). Therapeutic equiva‐
lence, long-term efficacy and safety of HX575 in the treatment of anemia in chronic
renal failure patients receiving hemodialysis. Clin Nephrol, 72(5), 380-390, PMID:
19863881, 6742.
[206] Horl, W. H., Locatelli, F., Haag-Weber, M., Ode, M., & Roth, K. (2012). Prospective
multicenter study of HX575 (biosimilar epoetin-alpha) in patients with chronic kid‐
ney disease applying a target hemoglobin of 10--12 g/dl. Clin Nephrol, 78(1), 24-32,
PMID: 22732334, 9782.
[207] Haag-Weber, M., Eckardt, K. U., Horl, W. H., Roger, S. D., Vetter, A., & Roth, K.
(2012). Safety, immunogenicity and efficacy of subcutaneous biosimilar epoetin-al‐
pha (HX575) in non-dialysis patients with renal anemia: a multi-center, randomized,
double-blind study. Clin Nephrol, 77(1), 8-17, PMID: 22185963, 9283.
[208] Kaufman, J. S., Reda, D. J., Fye, C. L., Goldfarb, D. S., Henderson, W. G., Kleinman, J.
G., Vaamonde, C., & A.19, . C.A.(1998). Subcutaneous compared with intravenous
Management of Anemia on Hemodialysis
http://dx.doi.org/10.5772/ 52399
353
epoetin in patients receiving hemodialysis. Department of Veterans Affairs Coopera‐
tive Study Group on Erythropoietin in Hemodialysis Patients. N Engl J Med PMID:
9718376 NEJM199808273390902 , 339(9), 578-583.
[209] Rossert, J., Casadevall, N., & Eckardt, K. U. (2004). Anti-erythropoietin antibodies
and pure red cell aplasia. J Am Soc Nephrol, 15(2), 398-406, PMID: 14747386].
[210] Pljesa, S. (2004). Possible complications of erythropoietin therapy in patients with
chronic renal failure. Med Pregl, 57(5-6), 254-257.
[211] Boven, K., Stryker, S., Knight, J., Thomas, A., van Regenmortel, M., Kemeny, D. M.,
Power, D., Rossert, J., & Casadevall, N. (2005). The increased incidence of pure red
cell aplasia with an Eprex formulation in uncoated rubber stopper syringes. Kidney
Int, 67(6), 2346-2353, [PMID: 15882278, KID340, [pii]10.1111/j.1523-1755.2005.00340.x].
[212] Littlewood, T. J. (2009). Is normalising haemoglobin in patients with CKD harmful
and if so, why? J Ren Care, 35(2), 25-28, [PMID: 19891682, JORC123, [pii]10.1111/j.
1755-6686.2009.00123.x].
[213] Ofsthun, N., Labrecque, J., Lacson, E., Keen, M., & Lazarus, J. M. (2003). The effects of
higher hemoglobin levels on mortality and hospitalization in hemodialysis patients.
Kidney Int [PMID: 12675871 kid937 [pii]10.1046/j.1523-1755.2003.00937.x] , 63(5),
1908-1914.
[214] Avram, M. M., Blaustein, D., Fein, P. A., Goel, N., Chattopadhyay, J., & Mittman, N.
(2003). Hemoglobin predicts long-term survival in dialysis patients: a 15-year single-
center longitudinal study and a correlation trend between prealbumin and hemoglo‐
bin. Kidney Int Suppl [87], S6-11, [PMID: 14531767].
[215] Servilla, K. S., Singh, A. K., Hunt, W. C., Harford, A. M., Miskulin, D., Meyer, K. B.,
Bedrick, E. J., Rohrscheib, M. R., Tzamaloukas, A. H., Johnson, H. K., & Zager, P. G.
(2009). Anemia management and association of race with mortality and hospitaliza‐
tion in a large not-for-profit dialysis organization. Am J Kidney Dis, 54(3), 498-510,
[PMID: 19628315, S0272-6386(09)00772-0, [pii]10.1053/j.ajkd.2009.05.007].
[216] Locatelli, F., & Del Vecchio, L. (2011). Erythropoiesis-stimulating agents in renal
medicine. Oncologist, 16(3), 19-24, [PMID: 21930831, 10.1634/theoncologist.2011-S3-19.
[217] Novak, J. E, & Szczech, L. A. (2008). Triumph and tragedy: anemia management in
chronic kidney disease. Curr Opin Nephrol Hypertens, 17(6), 580-588, PMID: 18941350,
MNH.0b013e32830c488d00041552-200811000-00006.
[218] Kapoian, T. (2008). Challenge of effectively using erythropoiesis-stimulating agents
and intravenous iron. Am J Kidney Dis, 52(6), S21-28, [PMID: 19010258,
S0272-6386(08)01300-0, [pii]10.1053/j.ajkd.2008.09.004].
[219] Berns, J. S. (2010). Are there implications from the Trial to Reduce Cardiovascular
Events with Aranesp Therapy study for anemia management in dialysis patients?
Curr Opin Nephrol Hypertens, 19(6), 567-572, PMID: 20601876, MNH.
0b013e32833c3cc7.
Hemodialysis354
[220] Locatelli, F., Aljama, P., Canaud, B., Covic, A., De Francisco, A., Macdougall, I. C.,
Wiecek, A., & Vanholder, R. (2010). Target haemoglobin to aim for with erythropoie‐
sis-stimulating agents: a position statement by ERBP following publication of the Tri‐
al to reduce cardiovascular events with Aranesp therapy (TREAT) study. Nephrol
Dial Transplant, 25(9), 2846-2850, PMID: 20591813, 10.1093/ndt/gfq336.
[221] Erythropoiesis-stimulating agents (ESAs). (2009). Epoetin alfa (marketedas Procrit
and Epogen). Darbepoetin alfa (marketed as Aranesp).
[222] Kainz, A., Mayer, B., Kramar, R., & Oberbauer, R. (2010). Association of ESA hypo-
responsiveness and haemoglobin variability with mortality in haemodialysis pa‐
tients. Nephrol Dial Transplant, 25(11), 3701-3706, PMID: 20507852 PMCID: 3360143,
10.1093/ndt/gfq287.
[223] Tsubakihara, Y., Nishi, S., Akiba, T., Hirakata, H., Iseki, K., Kubota, M., Kuriyama, S.,
Komatsu, Y., Suzuki, M., Nakai, S., Hattori, M., Babazono, T., Hiramatsu, M., Yama‐
moto, H., Bessho, M., & Akizawa, T. (2008). Japanese Society for Dialysis Therapy:
guidelines for renal anemia in chronic kidney disease. Ther Apher Dial 2010 [PMID:
20609178 TAP836 [pii]10.1111/j.1744-9987.2010.00836.x] , 14(3), 240-275.
[224] Triolo, G. (2003). Guidelines for the treatment of anemia in chronic renal failure. G
Ital Nefrol, 20(24), S61-82, PMID: 14666504].
[225] Horl, W. H., Macdougall, I. C., Rossert, J., Rutkowski, B., Wauters, J. P., & Valderra‐
bano, F. (2003). Predialysis Survey on Anemia Management: patient referral. Am J
Kidney Dis, 41(1), 49-61, [PMID: 12500221, 10.1053/ajkd.
2003.50018S0272638602691206.
[226] Manns, B. J., & Tonelli, M. (2012). The new FDA labeling for ESA--implications for
patients and providers. Clin J Am Soc Nephrol, 7(2), 348-353, [PMID: 22266575 PMCID:
3280029, 10.2215/CJN.09960911.
[227] Maurin, N. (2008). Regarding the optimal hemoglobin target range in renal anemia.
Med Klin (Munich), 103(9), 633-637, PMID: 18813886, s00063-008-1102-3.
[228] Yang, W., Israni, R. K., Brunelli, S. M., Joffe, M. M., Fishbane, S., & Feldman, H. I.
(2007). Hemoglobin variability and mortality in ESRD. J Am Soc Nephrol, 18(12),
3164-3170, PMID: 18003781, 10.1681/ASN.2007010058.
[229] Lacson, E. Jr, Ofsthun, N., & Lazarus, J. M. (2003). Effect of variability in anemia
management on hemoglobin outcomes in ESRD. Am J Kidney Dis, 41(1), 111-124,
[PMID: 12500228, 10.1053/ajkd.2003.50030S0272638602691322.
[230] Kalantar-Zadeh, K., & Aronoff, G. R. (2009). Hemoglobin variability in anemia of
chronic kidney disease. J Am Soc Nephrol, 20(3), 479-487, PMID: 19211716, 10.1681/
ASN.2007070728.
Management of Anemia on Hemodialysis
http://dx.doi.org/10.5772/ 52399
355

